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ABSTRACT
A n a l y s e s  o f  s u r f a c e  s e d i m e n t  s a m p l e s  f r o m  t h e  
C h e s a p e a k e  B a y  a n d  s e d i m e n t  c o r e s  f r o m  t h e  J a m e s  a n d  t h e  
P o t o m a c  R i v e r  s h o w e d  t h a t  p e n t a c y c l i c  t r i t e r p e n o i d s  o f  t h e  
h o p a n o i d  s k e l e t o n  w e r e  u b i q u i t o u s l y  p r e s e n t  i n  a l l  s a m p l e s .  
T h e  h o p a n o i d s  h a v e  b e e n  i d e n t i f i e d  a n d  q u a n t i f i e d  by  g a s  
c h r o m a t o g r a p h i c  r e t e n t i o n  d a t a  o b t a i n e d  on S E - 5 2  s t a t i o n a r y  
p h a s e ,  a n d  m a s s  s p e c t r a l  c o m p a r i s o n s  w i t h  t h e  
b r a n c h e d / c y c l i c  f r a c t i o n  o f  a L o r r a i n e  c o a l  e x t r a c t  a s  w e l l  
a s  p u b l i s h e d  d a t a  f r o m  a u t h e n t i c  s t a n d a r d s .  H o p a n o i d  a c i d s  
a r e  o f  e x t e n d e d  1 7 3 ( H )  ,2 1 3  ( H ) - s t r u c t u r e , r a n g i n g  f r o m  t o
T h e  1 7 3 ( H ) , 2 1 3 ( H ) - b i s h o m o h o p a n o i c  a c i d  i s  a l w a y s
t h e  m a j o r  a c i d  f o u n d  i n  t h e  s a m p l e s .  A l l  a c i d s  w e r e  p r e s e n t  
a s  a s i n g l e  e p i m e r  ( 2 2 R ) .  The 17 a ( H)  ,213 ( H ) - h o p a n e  s e r i e s  
i s  p r e d o m i n a n t  i n  a l l  t h e  s a m p l e s ,  w i t h  l e s s e r  a m o u n t s  o f  
t h e  1 7 3 ( H ) , 2 1 3  ( H ) - h o p a n e  s e r i e s  a n d  s o m e  h o p e n e s  a l s o  
p r e s e n t .  T h e  e x t e n d e d  1 7 a ( h ) , 2 1 3 ( h ) - h o p a n e s  ^ ^ 3 1  ^ a r e
f o u n d  a s  m i x t u r e s  o f  t h e  22R a n d  2 2 S  d i a s t e r  e o m e r s . T h i s  
i n d i c a t e s  t h a t  t h e r e  i s  a s i g n i f i c a n t  i n p u t  o f  f o s s i l  
h o p a n e s  i n t o  t h e  C h e s a p e a k e  B a y .  G e n e r a l l y ,  h i g h  
c o n c e n t r a t i o n s  w e r e  f o u n d  a t  r i v e r - m o u t h  s t a t i o n s  and  i n  t h e  
n o r t h e r n  Bay  a r e a s  a s s o c i a t e d  w i t h  i n d u s t r i a l  a c t i v i t i e s  a n d  
i n t e n s e  u r b a n  d e v e l o p m e n t .  T h e s e  r e s u l t s  a r e  c o n s i s t e n t  
w i t h  a n  a n t h r o p o g e n i c  s o u r c e  f o r  t h e  a r o m a t i c  h y d r o c a r b o n s  
p r e s e n t  i n  t h e  s a m p l e s .
F o s s i l  h o p a n e s  a p p e a r  t o  d e r i v e  f r o m  a  v a r i e t y  o f  
s o u r c e s  i n c l u d i n g  c o a l ,  c r u d e  o i l ,  r e f i n e d  m o t o r  o i l ,  
a s p h a l t  p a r t i c l e s  a n d  s t r e e t  d u s t .  A c o m p a r i s o n  o f  h o p a n o i d  
d i s t r i b u t i o n s  i n  B a y  s e d i m e n t s  w i t h  p o s s i b l e  s o u r c e  
m a t e r i a l s  s u g g e s t s  t h a t  m o t o r  o i l ,  a s p h a l t  p a r t i c l e s  a n d  
s t r e e t  d u s t  a r e  p o t e n t i a l l y  i m p o r t a n t  s o u r c e s  o f  f o s s i l  
h o p a n e s  t o  t h e  B a y .  T h e r e  i s  e v i d e n c e  t h a t  t h e  i n p u t  o f  
h o p a n o i d s  t o  s u r f a c e  s o i l s  i s  r e l a t e d  t o  h i g h w a y  u s a g e .  
T h e s e  s o u r c e  m a t e r i a l s  a n d  t h e  a s s o c i a t e d  f o s s i l  h o p a n e s  a r e  
r e a c h i n g  t h e  Bay  v i a  n a t u r a l  a n d  u r b a n  r u n o f f ,  e i t h e r  
d i r e c t l y  o r  v i a  r i v e r  t r a n s p o r t .  F i n a l  a c c u m u l a t i o n  i n  Bay  
s e d i m e n t s  i s  e v i d e n t  f r o m  t h e  e l e v a t e d  c o n c e n t r a t i o n s  o f  
f o s s i l  h o p a n e s  a t  r i v e r - m o u t h  s t a t i o n s .  T h e s e  a c c u m u l a t i o n s  
i n d i c a t e  t h a t  r i v e r s  a r e  i m p o r t a n t  s o u r c e s  o f  f o s s i l  h o p a n e s  
t o  t h e  B a y .
An a n o m a l y  i n  t h e  S / R  r a t i o  o f  t h e  1 7 a ( H ) , 2 1 3 ( H ) -  
h o m o h o p a n e  ( £ 3 ^ )  i Q m a n y  s e d i m e n t  s a m p l e s  f r o m  t h e  Bay i s
i n t e r p r e t e d  a s  e v i d e n c e  o f  a  m i c r o b i a l l y  i n d u c e d
x i
i s o m e r i z a t i o n  o f  1 7 B( H ) , 2 1 B ( H ) - C g ^  h o p a n e  ( R )  t o  17a
( H ) , 2 1 B ( H ) - C g ^  h o p a n e  ( R ) .  I n d i r e c t  e v i d e n c e  s u g g e s t s  t h a t
d e c a r b o x y l a t i o n  o f  h o p a n o i d  a c i d s  t o  f o r m  1 7B ( H) ,21(3 ( H ) -  
h o p a n e s  o f  one  c a r b o n  n u m b e r  l e s s  t h a n  t h e  p a r e n t  c o m p o u n d  
i s  a  m a j o r  r e a c t i o n  i n  t h e  e a r l y  d i a g e n e s i s  o f  h o p a n o i d s .  
I s o m e r i z a t i o n  o f  1 7 6 ( H ) , 2 1 fj ( H ) -  C g ^ h o p a n o i d  a c i d  t o
17 a ( H ) , 2 1 B( H ) - j  h o p a n o i d  a c i d  i s  s u s p e c t e d  t o  h a v e
o c c u r r e d  i n  p r e v i o u s l y  d e p o s i t e d  e s t u a r i n e  s e d i m e n t s .
x i i
ON THE OCCURRENCE AND ORIGINS 
OF
HOPANOIDS IN THE CHESAPEAKE BAY
I .  INTRODUCTION
P e n t a c y c l i c  t r i t e r p e n o i d s  o f  the  hopano id  sk e le to n  (F ig u re  1) a r e  
w idely  d i s t r i b u t e d  bo th  i n  t h e  b io sphere  and th e  g e o s p h e r e .  W hile  t h e  
17 3 ( H)  , 2 1 3 (H)  h o p a n e  s e r i e s  i s  e x c l u s i v e l y  p r e s e n t  i n  b i o l o g i c a l  
m a t e r i a l ,  e s p e c i a l l y  in  m icroorgan ism s, t h e  17<x(h) ,213 ( h ) ho p an e  s e r i e s  
h a s  n o t  y e t  b e e n  d e t e c t e d  i n  l i v in g  o rg a n is m s .  During t h e  d ia g e n e s is  
p r o c e s s ,  th e  n a t u r a l  1 7 3 ( h ) , 2 1 3 (h)  h o p a n e s  un d erg o  i s o m e r i z a t i o n  a t  
p o s i t i o n  17 a n d  22 t o  y i e l d  t h e  more s t a b l e  17oi(h),2 1 3 (H) hopanes and 
m ix tu r e s  o f  22R and 22S d i a s t e r e o m e r s  (E n s m in g e r  e t  a l . ,  1973; Van 
D o r s s e l a e r  e t  a l . ,  1975). However, the  b i o l o g i c a l  p r e c u r s o r s  a re  o f t e n  
p re s e rv e d  in  f o s s i l  m a t e r i a l s .  T h is  h a s  a l lo w e d  them  t o  b e  u s e d  a s  
b i o l o g i c a l  m a rk e rs .  A d e t a i l e d  a n a ly s i s  o f  hopanoids i n  a  sediment may 
r e v e a l  to  some e x te n t  th e  o r i g i n  of the  sed im en ta ry  o r g a n i c  m a t t e r ,  a s  
w e l l  as  chem ica l r e a c t i o n s  o c c u r r in g  in  t h e  d e p o s i t io n a l  env ironm en t.
The Chesapeake Bay, in c lu d in g  i t s  t r i b u t a r y  t i d a l  d r a i n a g e  a r e a ,  
r e p r e s e n t s  t h e  l a r g e s t  e s t u a r i n e  s y s te m  on  th e  U . S .  A t l a n t i c  C o a s t .  
L ik e  o t h e r  e s t u a r i e s ,  i t  i s  b e in g  r a p i d l y  f i l l e d  w i t h  s e d i m e n t s ;  
sed im en ts  from r i v e r s ,  from sh o re  e ro s io n ,  from the  rem a in s  o f  organism s 
t h a t  i n h a b i t  i t ,  and from t h e  s e a .  A few s t u d i e s  have b een  conducted on 
d i s t r i b u t i o n s  o f  h y d ro c a rb o n s  in  sed im ents  from th e  C hesapeake Bay and 
i t s  s u b e s t u a r i e s  (W alker  e t  a l . ,  1975 a& b; DeVoe a n d  V o l l ,  1 9 8 0 ;  
V o u d r i a s ,  1 9 8 1 ;  B i e r i  e t  a l . ,  1982 a&b; Lu, 1982). The o n ly  s tudy  in  
th e  Bay t h a t  in c lu d e s  hopano ids  in  sed im en ts  was made by V oudrias  (1981) 




F ig u re  1 .  D e s ig n a t io n s  of carbon  atoms and r i n g s  
f o r  th e  hopanoid  s t r u c t u r e .
The H a t  p o s i t i o n  17 c i s  to  th e  s i d e -  
chain  a t  p o s i t i o n  21 f o r  th e  17a(H ), 
218(H )-hopane s e r i e s  and t r a n s  f o r  th e  
178(H), 21B (H)-hopane s e r i e s .
4creeks .  He re p o r te d  t h a t  sediments from  creeks  w i th  m a r in a s  c o n t a i n e d  
s i g n i f i c a n t l y  h igher l e v e l s  o f  a ro m a tic  and a l i p h a t i c  hydrocarbons than  
did the  c o n t r o l  sam ples. A l l  the  sam ples analyzed  by  GC/MS h a v e  shown 
e v id e n c e  o f  17a(H) ,21p (H) ho p an es ,  which were a t t r i b u t e d  to  pe tro leum  
co n tam in a tio n  from th e  m a r in a s .  No a t t e m p t  was made to  i d e n t i f y  th e  
b iogen ic  hopanes in th e  sam ples.
A g r e a t  deal o f  work has been done a t  th e  U n iv e r s i ty  of S t ra sb o u rg ,  
F ra n c e  an d  th e  U n i v e r s i t y  o f  B r i s t o l ,  E n g lan d  r e g a r d in g  th e  o rg a n ic  
geochem is try  o f  hopanoid m o lecu le s .  These have r e s u l t e d  in  a d e t a i l e d  
k now ledge  o f  e a r l y  and  l a t e  d i a g e n e t i c  p a th w ay s  o f  th e se  m o le c u le s .  
However, v e r y  l i t t l e  i s  known co n ce rn in g  s o u r c e s  and  d i s t r i b u t i o n s  o f  
h o p a n o id s  i n  th e  Chesapeake Bay. T h is  i s  u n f o r tu n a t e  as hopanoids a re  
known t o  b e  w id e s p re a d  an d  g e o c h e m ic a l ly  i n t e r e s t i n g  com ponen ts  o f  
o r g a n ic  m a t t e r  in  n a t u r e  ( O u r i s s o n  e t  a l . ,  1979 and r e f e r e n c e s  c i t e d  
t h e r e i n ) .  The o b je c t iv e s  o f  th i s  r e s e a r c h  were:
1 . To i n v e s t i g a t e  th e  t y p e s  and th e  a b u n d a n c e s  o f  h o p a n o id  
molecules i n  su rface  sed im en ts  from th e  Chesapeake Bay. An a t t e m p t  was 
made t o  c h a r a c t e r i z e  t h e  compounds q u a l i t a t i v e l y  by com bined  gas  
chromatography/mass sp ec tro m e try  (GC/MS) a s  w e l l  a s  q u a n t i t a t i v e l y  by 
gas chrom atography.
2 .  To a s s e s s  t h e  p o s s i b l e  s o u r c e s  o f  f o s s i l  h o p a n e s  i n  Bay 
sedim ents and th e i r  p ro b a b le  modes o f  t r a n s p o r t a t i o n  in to  the Bay. This 
i n f o r m a t i o n  w i l l  c o n t r i b u t e  t o  o u r  u n d e r s t a n d i n g  o f  th e  e x t e n t  o f  
petro leum  p o l l u t i o n  in  t h e  Chesapeake Bay and i t s  t r i b u t a r i e s .
3 .  To in v e s t ig a t e  e v id e n c e  f o r  h o p a n o id  t r a n s f o r m a t i o n s  i n  th e  
e s t u a r i n e  e n v i ro n m e n t  o f  th e  C h e s a p e a k e  Bay. The study o f  hopanoid 
m olecules i n  the  s e d im e n t s  o f  th e  C h e sa p e a k e  Bay s h o u ld  p r o v i d e  new
i n f o r m a t i o n  on e a r l y  r e c e n t  o r g a n ic  d ia g e n e s is  i n  our e s tu a r i n e  system , 
i f  i t  e x i s t s .
I I .  LITERATURE REVIEW
The re v ie w  r e p o r te d  in  t h i s  c h a p te r  c o v e rs  o ccu rrences  o f  hopaniods 
i n  th e  b io s p h e re  and g eo sp h e re ,  in c lu d in g  some d i a g e n e t i c  m e c h a n is m s .  
D e t a i l s  on t h e  p r o b a b l e  b i o c h e m i c a l  f u n c t i o n  and on th e  e v o lu t io n a r y  
s i g n i f i c a n c e  o f  hopanoids have been  d is c u s s e d  by O urisson e t  a l .  (1 9 7 9 ) .  
S t r u c t u r e s  o f  compounds a re  g iv e n  in  F ig u re  Al i n  th e  Appendix.
A. B io s y n th e s i s  o f  P e n ta c v c l i c  T r i t e r n e n o id s
B i o s y n t h e s i s  o f  a l i p h a t i c  h y d r o c a r b o n s  by b o th  t e r r e s t r i a l  and 
m arine  o rgan ism s i s  a  w e l l  e s t a b l i s h e d  f a c t .  C h i b n a l l  and c o - w o r k e r s  
r e p o r t e d  a s  e a r l y  a s  1934 t h a t  t e r r e s t r i a l  p l a n t s  p r o d u c e  a lm o s t  
e x c l u s i v e ly  n - p a r a f f i n s  w ith  an  odd number o f  c a rb o n  a t o m s .  E g l i n t o n  
an d  H a m i l to n  (1963) found t h a t  odd-numbered p a r a f f i n s  in  th e  ra n g e  from 
to  p redom inated  in  p l a n t s .  In  many i n s t a n c e s ,  o n ly  o n e  o r  two
o d d -n u m b e re d  p a r a f f i n s  were dom inan t.  A lc o h o ls  and a c id s  o c c u r r e d  w ith  
m a in ly  e v e n -n u m b e re d  c a r b o n  c h a i n s  f r om t o  E v e n -n u m b e re d
p a r a f f i n  c h a i n s  and  odd-numbered ac id s  and a lc o h o ls  were a l s o  p r e s e n t ,  
b u t  i n  v e ry  sm a ll  amounts (W aldron e t  a l . ,  1 9 6 1 ) .  Marine p h y t o p l a n k t o n  
s y n t h e s i z e  s m a l le r  o dd -ca rbon  p a r a f f i n s  o f  le n g th  and
(C la rk  and Blum er, 1967), w hereas  in  m arsh  g r a s s e s  c a rb o n  c h a i n s  f rom 
t o  Cjg  p r e d o m i n a te  (B u r n s  and T e a l ,  1 9 7 3 ) .  B a c t e r i a l  l i p i d s  have
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7been found to  c o n ta in  e q u a l  amounts o f  ev en -n u m b ered  c a r b o n  and o d d -  
numbered ca rbon  n -a lk a n es  (D avis , 1968),  a lthough  in  s e v e ra l  s p e c ie s  th e  
Cj j  cha in  le n g th  i s  dominant (Blumer, 1967; Han and C alv in ,  1969 ) .
S e v e r a l  b ra n c h e d  a lk a n e s  have a l s o  been found in  o rgan ism s,  i . e . ,  
p r i s t a n e  in  some f i s h e s  and zooplankton (B lu m er ,  1 9 6 7 ) ,  p h y to p l a n k to n  
and  o t h e r  m ic r o o r g a n is m s  ( C a lv in ,  1 9 6 9 ) ;  phytane in  b a c t e r i a  (Han and 
C a lv in ,  1969 ) .
Squalene ( l )  i s  th e  most common t r i t e r p e n e  formed by p o ly m e r iz a t io n  
o f  t h e  5 - c a r b o n  i s o p r e n e  u n i t .  S q u a l e n e  o c c u r s  i n  m o s t  m a r i n e  
o r g a n i s m s ,  a l though  on ly  t h e  h igher t r o p h i c  l e v e l s  appear to  accumulate 
i t  in  s u b s t a n t i a l  amounts. F o r  e x a m p le ,  copepod l i p i d s  c o n t a i n  0 .0 1  
p e rc e n t  sq u a le n e ,  whereas t h e  l i p id s  o f  bask ing  sh a rk  l i v e r s  may c o n ta in  
more than  20 p e rc e n t  sq u a le n e  (Blumer, 1967).
The r o l e  o f  s q u a l e n e  as  an i n t e r m e d i a t e  i n  t h e  b io s y n th e s i s  o f  
s t e r o i d s  and  t r i t e r p e n o i d s  has  b e e n  d e s c r i b e d  i n  t h e  b i o c h e m i c a l  
l i t e r a t u r e .  C y c l i z a t i o n  o f  Bqualene epoxide  ( i l )  i n  b i o l o g i c a l  system 
le a d s  to  th e  p ro d u c tio n  o f  t r i t e r p e n o i d  a l c o h o ls ,  k e t o n e s  and s t e r o l s ;  
c y c l i z a t i o n  o f  s q u a le n e  i t s e l f  can a l s o  occur and produce t r i t e r p e n o i d  
a lk en es  o r  a l c o h o ls ,  i . e . ,  d ip lo p te r o l  ( X I V ) ,  h o p e n e -b  ( i l l ) ,  f e r n e n e  
( I V ) ,  and t e t r a h y m a n o l  (V) (Nes and McKean, 1977). B ird  e t  a l .  (1971 
a&b) showed t h e  f o r m a t i o n  o f  s t e r o l s ,  s q u a le n e  and  h o p - 2 2 ( 2 9 ) - e n e  
( d i p l o p t e n e )  (XV) by th e  bac te r ium  M ethvlococcus c a p s u la tu s  grown in  a 
m in e ra l  s a l t  medium w ith  methane as s o l e  carbon so u rce .
The b i o s y n t h e s i s  o f  b a c t e r e o h o p a n e  p o l y o l s  (XXXII) h a s  b e e n  
p ro p o sed  by F o r s t e r  e t  a l .  (1973) to  p roceed  in  two d i f f e r e n t  w ays: ( a )  
t h e  c y c l i z a t i o n  o f  an  a c y c l i c  p r e c u r s o r  fo llow ed  by h y d ro x y la t io n s
o r  ( b )  the  a t ta c h m e n t  o f  a b u i ld in g  b lo c k  to  a  preform ed p e n t a c y c l i c
sy s tem  e i t h e r  a t  p o s i t i o n  22 o r  29 . P o s i t i o n  22 was p r e f e r r e d  s in c e  22 -  
h y d ro x y h o p a n e  (X IV ) was s i m u l t a n e o u s l y  p r e s e n t  i n  t h e  l i p i d  o f  
A c e t o b a c t e r  x v l i n u m  ( F o r s t e r  e t  a l . ,  1 9 7 3 ) .  However, Rohmer ( c i t e d  i n  
Van D o rs s e le a r ,  1975) has shown t h a t  th e  Cg b u i l d i n g  b l o c k  i s  a t t a c h e d
t o  t h e  hopane  s t r u c t u r e  a t  p o s i t i o n  29 r a t h e r  t h a n  p o s i t i o n  2 2  a s  
p ro p o sed  by F o r s t e r  e t  a l .  (1 9 7 3 ) .
The work t o  d a t e  h a s  c l e a r l y  r e v e a l e d  t h a t  s e v e r a l  f e r n s ,  some 
m o s s e s  and l i c h e n s ,  and many m i c r o o r g a n i s m s  b e l o n g i n g  t o  w i d e l y  
s e p a r a t e d  t a x o n o m i c  g r o u p s ,  c o n t a i n  t h e s e  t r i t e r p e n e  d e r i v a t i v e s  
(O u r is so n  e t  a l . ,  1 9 7 9 ;  and  r e f e r e n c e s  c i t e d  t h e r e i n ) .  I n  g e n e r a l ,  
a n i m a l s  a p p e a r  t o  be un ab le  t o  s y n th e s iz e  t r i t e r p e n e s ,  b u t  m anufac tu re  
i n s t e a d  t e t r a c y c l i c  systems l i k e  c h o l e s t e r o l ,  d e r iv e d  f r o m  l a n o s t e r o l .  
T e t r a h y m a n o l , i s o l a t e d  by M a l lo ry  e t  a l .  (1963) from a  p ro to zo a n ,  has  
b een  r e l a t e d  to  gam m acerane  ( V l )  and n o t e d  a s  t h e  f i r s t  p e n t a c y c l i c  
t r i t e r p e n o i d  a l c o h o l  i s o l a t e d  from  an an im a l .
So f a r ,  t h e  m ajo r hopano ids  p re s e n t  in  l i v i n g  o r g a n i s m s  have  b e e n  
i d e n t i f i e d  as e i t h e r  3 -oxygena ted  hopanoids o r  3-desoxy hopanoid  a lk en es  
and a lc o h o ls .  S a tu r a t e d  hydrocarbons  o f  t h e  hopane  s k e l e t o n  have  n o t  
b e e n  found  a t  p r e s e n t  i n  s i g n i f i c a n t  am ounts  in  b i o l o g i c a l  m a t e r i a l ,  
e x c e p t  in  the  c a s e  o f  th e  th e rm o p h i l ic  b a c t e r i a  B a c i l l u s  a c i d o c a l d a r i u s  
w h e r e  t r a c e s  o f  1 7 6 ( H ) , 2 1 6 ( h ) hopane (X V III-c )  and o f  a  co rresp o n d in g  
Cj i  hopane (XlX-a) have been  d e t e c te d  (De Rosa e t  a l . ,  19 7 3 ) .
9B. Geochemical O ccurrence o f  P o lv c v c l ic  T r i t e r p e n o id s
P o l y c y c l i c  t r i t e r p a n e s  h a v e  b e e n  fo u n d  i n  r e c e n t  and a n c i e n t  
sed im en ts  by many i n v e s t i g a t o r s .  More than  100 d i f f e r e n t  d e r i v a t i v e s  o f  
hopane h a v e  b e e n  i s o l a t e d  f rom g e o l o g i c a l  s a m p le s  o f  v a r i e d  o r i g i n  
( O u r i s s o n  e t  a l . ,  1979).  Ruhemann and Raud, i n  1932} e x t r a c te d  C e n t r a l  
German brown c o a l ,  and  i s o l a t e d  t h e  t r i t e r p e n e s  b e t u l i n  ( V I I )  a n d  
a l l o b e t u l i n  ( V I I l )  p l u s  o t h e r  compounds w ith  t h i r t y  carbon atoms t h a t  
rem ained  u n i d e n t i f i e d .  A d e t a i l e d  rev iew  o f e a r l i e r  w orks  d e a l i n g  w i t h  
t r i t e r p e n e s  i n  f o s s i l  m a t e r i a l  was p u b l ish e d  by Bergmann (1963).
A r e p o r t  on  t h e  i s o l a t i o n  and  m ass s p e c t r a l  i d e n t i f i c a t i o n  o f  
i n d i v i d u a l  p e n t a c y c l i c  t r i t e r p e n o i d  compounds was f i r s t  p u b l i s h e d  by 
Burlingame e t  a l .  (1 9 6 5 ) ,  who i s o l a t e d  th e  ^2 1 * C28 and C29 EteraneB an<*
a t r i t e r p a n e  ( l u p a n e )  ( IX)  f r o m e x t r a c t s  o f  th e  Colorado Green R iv e r  
Form ation  o f  Eocene age (50 m i l l i o n  y e a r s ) .  A y e a r  l a t e r ,  H i l l s  and  
W h i te h e a d  (1966) i s o l a t e d  t h r e e  p e n ta c y c l i c  t r i t e r p a n e s  from a N ig e r i a n  
c rude  o i l .  E g l in to n  and co -w orkers  (Murphy e t  a l . ,  1 9 6 7 ;  H e n n e rs o n  e t  
a l . ,  1968) d o cu m en ted  t h e  p r e s e n c e  o f  c h o l e s t a n e  ( X l l - a ) ,  e r g o s ta n e  
( X l l - b ) , s t ig m a s ta n e  ( X I I - c ) ,  gam m acerane ,  h o p a n e  and  lu p a n e  i n  t h e  
G re e n  R iv e r  s h a l e .  The t r i t e r p e n e  a lc o h o l ,  i s o a r b o r i n o l  (X),  h as  b een  
found i n  th e  MeBsel o i l  s h a le  o f  Germany (A lb rech t  and O u ris so n ,  1 9 6 9 )  . 
M a t t e r n  e t  a l .  (1970) r e p o r te d  th e  p resen ce  o f  a rb o r in o n e  and f r i e d e l i n  
(X l )  i n  M e sse l  s h a l e .  K i m b l e  e t  a l .  ( 1 9 7 4 )  d e t e c t e d  an i n t a c t  
t r i t e r p e n e ,  h o p - 1 7 ( 2 1 ) - e n e  (XVII) and a minor isom er o f  30 -no rm ore tane  
i n  M essel o i l  s h a l e .
A rp in o  (1 9 7 3 )  s tu d ie d  th e  B ouxw ille r  and M e 'n a t  Eocene s h a l e s  and 
r e p o r t e d  th e  p re s e n c e  o f  a 17 8(H ), 218 (h ) hopane s e r i e s  ran g in g  f r o m  C^y
10
to  C^2 (X V III  a - c ;  XIX a& b), w ith  o n ly  one d ia s te re o m e r  a t  p o s i t i o n  22
i n  th e  h ig h e r  homologs. Ensminger e t  a l .  (1975) r e p o r t e d  t h a t  th e  m a jo r  
t r i t e r p e n o i d s  in  M esse l o i l  s h a le  were 173(H ),21(3(H) and C«^. Hop-
1 7 (2 1 )-en e  (XVII) was th e  main t r i t e r p e n e  found in  th e  a lkene  f r a c t i o n .  
They a l s o  i d e n t i f i e d  C jy , ^29* ^30 an(  ^ ^31 comPoun<*8 1 7 a (H ) ,213
(H) h o p an e  s e r i e s  (X X II a - c ;  X X I I I - a )  a s  m a j o r  c o m p o n e n t s  o f  t h e  
branched  and c y c l i c  a lk a n e  f r a c t i o n  in  th e  L o r ra in e  c o a l  f i e l d  ( F r a n c e ) .  
The 17a(H),213(H) Cgj hopane (X X III-a )  was p r e s e n t  a s  an a p p r o x i m a t e l y
1:1  m ix tu re  o f  22R and 22S d ia s t e r e o m e r s .
In  most g e o lo g ic a l  sam p les  and  c r u d e  o i l s ,  d e g r a d e d  t r i t e r p a n e s  
c o n t a i n i n g  27 and  2 9 ,  b u t  n o t  28 ca rbon  atoms were found to  be p r e s e n t  
(Kimble e t  a l . ,  1974; Ensminger e t  a l . ,  1975; A rp in o ,  1 9 7 3 ) .  T h i s  h a s  
been r a t i o n a l i z e d  in  ana logy  to  th e  ob se rv ed  absence o f  a C j j - i s o p r e n o id
hydrocarbon  in  f o s s i l  f u e l s  because  o f  th e  low p r o b a b i l i t y  o f  c l e a v a g e  
o f  two c a rb o n -ca rb o n  bonds lo c a te d  a t  th e  same carbon  atom (C-22) o f  t h e  
hopane s id e  c h a in .  R e c e n t ly ,  a C^g member o f  t h e  h o p a n e  f a m i l y ,  17a
(H) ,1 8 a (H )  , 2 1 3 (H ) -2 8 ,3 0 -b is n o rh o p a n e  (XXIV) was r e p o r t e d  in  a M on te rey  
s h a l e  f r o m  o f f s h o r e  S a n t a  B a r b a r a ,  C a l i f o r n i a  a n d  i n  a r e l a t e d  
C a l i f o r n i a  c rude  o i l  ( S e i f e r t  e t  a l . ,  1978),  i n  a  c o r e  sample from DSDP 
Leg 47A (C orn fo rd  e t  a l . ,  1 9 7 9 ) ,  and  i n  a N o r th  S ea  c o r e  sam p le  a n d  
v a r io u s  N orth  Sea crude  o i l s  (Grantham e t  a l . ,  1980).
The m a jo r i t y  o f  t r i t e r p a n e s  u s u a l l y  a r e  l e s s  a b u n d a n t  th a n  t h e  n -  
a l k a n e s  i n  t h e  same s a m p le s  (Van D o r s s e l a e r  e t  a l . ,  1974). The C2 8 -
t r i t e r p a n e  (XXIV), however, i s  an  e x c e p t i o n  in  so  f a r  a s  i t  h a s  b e e n  
found in  r e l a t i v e l y  l a r g e  amounts i n  th e  Monterey s h a le  ( S e i f e r t  e t  a l . ,
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1978) and in  th e  co re  sample from DSDP Leg 47A (C ornford  e t  a l . ,  1 9 7 9 ) .  
B jo r o y  and R u l l k o t t e r  (1 9 8 0 )  r e p o r t e d  a  C ^ - t r  i t e r p a n e ,  t e n t a t i v e l y
i d e n t i f i e d  as  2 5 ,2 8 , 3 0 - t r i s n o r m o r e t a n e  (XXV) , a s  t h e  m a jo r  s a t u r a t e d  
h y d r o c a r b o n  o f  a J u r a s s i c  s h a l e  from th e  Norwegian c o n t i n e n t a l  s h e l f .  
The u n u s u a l ly  h ig h  c o n c e n t r a t i o n s  o f  t h e s e  two n u c l e a r  d e m e t h y l a t e d  
t r i t e r p a n e s  and  t h e i r  u n e v e n  d i s t r i b u t i o n s  a re  b e le iv e d  to  r e l a t e  to  
s p e c i f i c  d ia g e n e t i c  c o n d i t io n s  ( R u l l k o t t e r  e t  a l . ,  1982).
A C^ 2  hopanoid  a c id  (XXVII-b) was d is c o v e re d  in  l a rg e  q u a n t i t i e s  in
M e s s e l  o i l  s h a l e  ( E n s m i n g e r  e t  a l . ,  1 9 7 3 ) .  T h e s e  a u t h o r s  a l s o  
i d e n t i f i e d  b isn o rh o p a n o ic  a c id  (C jg ) (XXVI-a) in  a  120 m i l l i o n - y e a r - o l d
m a rin e  c re ta c e o u s  s h a le  from n e a r  th e  coa6 t  o f  Gaboon. Tan D o r s s e l a e r  
( 1 9 7 5 )  exam ined  s e v e r a l  r e c e n t  and a n c i e n t  s e d im e n ts  f o r  hopano ids .  
V ar io u s  t r i t e r p a n e s  o f  th e  17cc(h) ,21B(H)-hopane s e r i e s  ^ 2 7 ~ ^ 3 5 ^  ^ ^ 1 1
a - c ;  X X III  a - e )  and  o f  t h e  Bct-hopane (m ore tane) s e r i e s  ( ^ g - C ^ j . )
a&b; XXI-a) were i d e n t i f i e d .  I n  a d d i t i o n ,  1 7 B(h ) , 213(H ) C ^ ,  and
hopanoid  a c id s  (XXVII a - c )  were a l s o  found to  be p r e s e n t .  Ensminger
(1977) r e p o r te d  th e  p re se n c e  o f  BB-Cg^ to  hopanoid a c i d s ,  w i t h
a s  t h e  m a jo r  a c id  in  Bedimentary rocks  from th e  T oarc ian  B a s in ,  F rance. 
I n  a d d i t i o n ,  Ba- and to  Cgg hopanoid a c id s  (XXIX a - c ;  XXXI a -c )
w ere  a l s o  i d e n t i f i e d .
S ch m it te r  e t  a l .  (1978) were th e  f i r s t  t o  r e p o r t  t h e  p r e s e n c e  o f  
hopano id  a c id s  in  c rude  o i l s .  The a B - C ^  hopanoid  a c id  was found  to  be
th e  most abundant a c id  in  a l l  th e  samples exam ined. The a b s e n c e  o f  th e
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hopanoid  ac id  p a r a l l e l s  the ab sen ce  or the low abundance of t h e  Cjg-
hopane i n  most crude o i l s .  Both p ro b a b ly  have th e  same o r ig i n  i n  c ru d e  
o i l s  ( S c h m i t t e r  e t  a l . ,  1 9 7 8 ) .  I n  c o r r e s p o n d e n c e  to  h o p a n o id  
h y d r o c a r b o n s ,  33 -  a n d  _ 3 a - i s o m e r s  o f  h o p an o id  a c i d s  d e c r e a s e  in  
a b u n d a n c e  w h i le  t h e  a 3 - i s o m e r s  i n c r e a s e  w ith  in c r e a s in g  m a tu r i t y  of 
s e d im e n t s  (E n s m in g e r ,  1977 ; S c h m i t t e r  e t  a l . ,  1 9 7 8 ) .  H o w e v e r ,  
i s o m e r i z a t i o n  o f  t h e  a c id s ,  a t  p o s i t i o n s  17, 21 and 2 2 , i s  much slow er 
th a n  t h a t  o f  th e  hydrocarbons  (Ensm inger, 1977).
I n  a d d i t io n  to  b e in g  i d e n t i f i e d  i n  mature sed im en ts  and c rude  o i l s ,  
h o p a n o id  h y d r o c a r b o n s  and a c id s  w e r e  a l s o  fo u n d  i n  l a k e  s e d i m e n t s  
( E g l i n t o n  e t  a l . ,  1 9 7 5 ;  Brooks e t  a l . ,  1976; Romher e t  a l . ,  1980),  
e s t u a r i n e  sedim ents ( B a r r i c k  and H edges, 1981; V o u d r ia s ,  1981), c o a s t a l  
s e d im e n t s  ( B i e r i  e t  a l . ,  1978; S i m o n e i t  e t  a l . ,  1 9 7 9 ;  S im o n e i t  and 
K aplan , 1 9 8 0 ) ,  and d e e p  se a  s e d im e n t s  ( D a s t i l l u n g ,  1976; S i m o n e i t ,  
1977& 1978; Boon e t  a l . ,  1978; B a r n e s  e t  a l . ,  1 9 7 9 ;  B r a s s e l l  e t  a l . ,
1980; Schorno, 1 9 8 0 ) .  B e s id e s  a c i d s  and  h y d r o c a r b o n s ,  t r i t e r p e n o i d  
a l c o h o l s ,  ketones  and aldehydes o f  t h e  extended hopane s e r i e s  have a l s o  
been i d e n t i f i e d  in  many re c e n t  and a n c i e n t  sediments ( D a s t i l l u n g ,  1 9 7 6 ;  
D a s t i l lu n g  e t  a l . ,  1980 a&b).
C. D ia e e n e s is  of T r i te rp e n o id s
1 .  B a c t e r i a l  d i a e e n e s i s ;
S e v e ra l  reviews have  been w r i t t e n  on the  b i o l o g i c a l  d e g r a d a t i o n  o f  
h y d r o c a r b o n s .  G e n e r a l l y  , iso a lk a n e s  a r e  degraded a t  lower r a t e s  than  
th e  co rrespond ing  n - a lk a n e s ,  and cy c lo a lk a n e s  are  d eg rad ed  slower th a n
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i s o a l k a n e s  ( J o b s o n  e t  a l . ,  1972), However, H i l l  (1969) r e p o r te d  r a p id  
growth o f  b a c t e r i a  on c y c lo a lk a n e s .
R u b i n s t e i n  e t  a l .  (1977) r e p o r te d  t h a t  s t e r a n e s  and te rp a n e s  were 
u n a f f e c t e d  by b a c t e r i a  i n  l a b o r a t o r y  d e g r a d a t i o n  e x p e r i m e n t s  an d  in  
n a t u r a l  f o s s i l  f u e l s .  Reed (1977) s tu d i e d  th e  m o le c u la r  co m p o si t io n  o f  
w e a th e r e d  p e t r o l e u m  and  fo u n d  t h a t  c y c l o a l k a n e s  w e r e  n o t  r e a d i l y  
u t i l i z e d  by p e t r o l e u m - o x i d i z i n g  m i c r o b e s .  T r i c y c l i c  and t e t r a c y c l i c  
a l k y l a t e d  d i t e r p a n e s  w e re  a l s o  u n a f f e c t e d  w h e re a s  t h e  s e r i e s  f r o m  
norhopane th rough  te t r a k i s n o rh o p a n e  was i n t e r p r e t e d  to  be th e  p ro d u c t  o f  
th e  b a c t e r i a l  d e g ra d a t io n  o f  th e  hopane m o le c u le .  S e i f e r t  and H oldow an 
( 1 9 7 9 )  f o u n d  d i a s t e r a n e s  and t r i c y c l i c  t e r p a n e s  t o  s u r v i v e  h e a v y  
b i o d e g r a d a t i o n  so w e l l  t h e y  c a n  be  u s e d  a s  s o u r c e  f i n g e r p r i n t s  i n  
b i o d e g r a d e d  o i l s .  T he  t r a n s f o r m a t i o n  o f  h o p a n e s  t o  R i n g  A/B  
d em eth y la ted  hopanes was observed  by R u l l k o t t e r  and Wendisch (1 9 8 2 )  who 
found t h a t  d e g ra d a t io n  o f  th e  1 7 « (h ) , 216(h ) hopane s e r i e s  proceeded  from 
th e  h ig h  m o l e c u l a r  w e ig h t  e n d ,  w h e re a s  i n  s t e r a n e s  t h e  d e g r a d a t i o n  
s t a r t e d  f r o m  t h e  lo w e r  m o l e c u l a r  w e i g h t  end ( C j 7 ) .  P r e f e r e n t i a l
d e g ra d a t io n  o f  the  2 0 R -d ia s te reo m ers  was o b s e r v e d  f o r  t h e  C jg  and
s t e r a n e s .  The o p e n in g  o f  r i n g  C o f  1 7 a (H ) , 21f3(H) hopanes as  a  f u r t h e r  
b io d e g ra d a t io n  s tep  was a l s o  r e p o r te d  ( R u l l k o t t e r  and Wendisch, 1982) .
M i c r o b i a l  m e th y la t io n  r e a c t io n s  w ere  found to  o ccu r  a t  C-24 i n  th e  
s id e  c h a in  d u r in g  th e  b i o s y n th e s i s  o f  s t e r o l s  ( L e d e r e r ,  1 9 6 9 ) .  T h u s ,  
E n sm in g e r  e t  a l .  (1 9 7 2 )  p r o p o s e d  t h a t  t h e  C31 t r i t e r p a n e  p r e s e n t  in
M essel o i l  s h a l e  o r i g i n a l l y  e n t e r e d  t h e  s e d im e n t  a s  a 3 - d e s o x y  C^q
t r i t e r p e n e  ( e . g . d i p l o p t e n e )  and was s u b s e q u e n t l y  m i c r o b i o l o g i c a l l y
14
m e th y la te d .  On th e  o th e r  hand , t r i t e r p a n e s  w i th  l e s s  ca rb o n  atoms w e re  
th o u g h t  to  be t h e  d e g ra d a t io n  p ro d u c ts  o f  C^q p r e c u r s o r s .
M o d i f i c a t i o n s  o f  h o p a n o i d s  b y  b i o l o g i c a l  o x i d a t i o n  o r  
d e h y d r o g e n a t i o n  h a v e  b e e n  r e p o r t e d  f o r  l i c h e n s  (Huneck, 1971), f u n g i  
(T suda e t  a l . ,  1967; E j i r i  and S h ib a ta ,  1974) and f o r  b a c t e r i a  (Rohmer 
a n d  O u r i s s o n ,  1 9 7 6 ) .  Ensminger (1974) su g g e s te d  t h a t  hopanoid  a c id s  i n  
g e o l o g i c a l  s a m p le s  r e s u l t e d  f ro m  a m i c r o b i a l  o x i d a t i o n  o f  n a t u r a l  
t r i t e r p e n o i d s  su ch  as d ip lo p te n e .
The r e c e n t  d is c o v e ry  o f  b a c t e r io h o p a n e  p o l y o l s  h a s  l e d  Rohmer e t  
a l .  (1 9 8 0 )  to  p o s t u l a t e  t h a t  th e s e  compounds a r e  th e  p r e c u r s o r s  fo r  a l l  
hopano ids  from C^q to  C ^  found in  re c e n t  muds from two s m a l l  ponds n e a r
S t r a s b o u r g ,  F ra n c e .  D eg rad a t io n  o f  th e  s id e - c h a in  and i s o m e r iz a t io n  a t  
C -17 , le a d in g  to  1 7 a (H ) ,2 1 s( h ) h o p a n o i d s ,  w e re  s u g g e s t e d  to  o c c u r  i n  
s i t u  e i t h e r  by m icroorgan ism s o r  by a b i o t i c  r e a c t i o n s .
2 ,  Chemical d i a e e n e s i s :
C h em ica l  d i a g e n e s i s  in v o lv e s  a l a rg e  number o f  c h em ica l  r e a c t i o n s  
w h i c h  a r e  m o s t  i m p o r t a n t  i n  t h e  u p p e r  m e t e r s  o f  s e d i m e n t ,  a t
t e m p e r a t u r e s  up t o  about 50 °C. Many o f  t h e s e  r e a c t i o n s  r e s u l t  in  th e  
t o t a l  d e s t r u c t i o n  o f  t h e  p r i m a r y  com pound, o r  i n  t h e  f o r m a t i o n  o f  
c o n d e n s e d  g e o p o ly m e rs  ( e . g .  k e ro g en ,  humic and f u l v i c  a c i d s ) ,  bu t some 
r e s u l t  i n  slow, s u b t l e  changes a t  the  m o le c u la r  l e v e l .
L a b o ra to ry  s t u d i e s  do n o t  rep roduce  a c t u a l  c o n d i t io n s  th a t  p roduce  
c h em ica l  changes i n  o rg a n ic  m a t t e r .  In  g e n e r a l ,  t e m p e r a t u r e  i s  v ie w e d  
a s  t h e  m ost i n f l u e n t i a l  v a r i a b l e  w hile  many o th e r  p a ra m e te rs  a re  h e l d  
c o n s t a n t .  Thus, H oering and A belson  (1962) showed t h a t  h e a t i n g  r e c e n t
and a n c i e n t  s e d i m e n t s  o r  th e  k e r o g e n  f ro m  s e d im e n t s  a t  te m p era tu re s
between 185-400 °C> produced  s i g n i f i c a n t  amounts o f  hydrocarbons  s im i l a r  
to  p e t r o l e u m .  J u r g  and  Eisma (1 9 6 4 )  t h e r m a l l y  a l t e r e d  behen ic  a c id ,  
(C 2 2 :0 ) ,  which was a d s o r b e d  on b e n t o n i t e  c l a y  and  o b s e r v e d  t h a t  t h e  
major hydrocarbon  fo u n d  was th e  C2 1  a lk a n e ,  accompanied by sm all amounts
of o t h e r  n - a lk a n e s .  They su g g es ted  t h a t  d e c a rb o x y la t io n  o f  t h e  a c i d  i s  
the  m a jo r  r e a c t io n ,  b u t  t h a t  c r a c k in g  may o ccu r  i n  a d d i t i o n .  Hence, th e  
c o n s id e r a b le  amounts o f  f a t t y  a c i d s  c o n t r i b u te d  to  sed im ents  may be  t h e  
sou rce  o f  some o f  t h e  hydrocarbons abundant i n  a n c i e n t  sed im en ts .
L a b o ra to ry  e x p e r im en ts  (R h ead  e t  a l . ,  1 9 7 1 ;  S t e e l  e t  a l . ,  1 9 7 2 ;  
S i e s k i n d  e t  a l . ,  1979) in  which s t e r o l s  were h e a te d  f o r  v a ry in g  le n g th s  
of t im e  a t  d i f f e r e n t  te m p era tu re s  u n d e r  re d u c in g  c o n d i t io n  show t h a t  the  
m a j o r  c o m p o u n d s  w h i c h  w e re  f o r m e d  w e r e  s t e r a n e s  a n d  s t e r e n e s  
c o r re sp o n d in g  to  th e  o r i g i n a l  c a rb o n  number ra n g e  o f  u n a l t e r e d  s t e r o i d s .
S i e s k i n d  and c o - w o r k e r s  (1 9 7 9 )  h y p o th e s iz e d  t h a t  th e  t r a n s fo rm a t io n s  
a re  c a t a l y s e d  by s u p e r a c i d  s i t e s  w h ic h  a r e  p r e s e n t  i n  k a o l i n i t e  and 
m o n t m o r i l I o n i t e .  T hese  experim en ts  have d em o n s tra ted  p o s s i b l e  pathways 
fo r  t h e  convers ion  o f  b io  l i p i d s  i n t o  h y d r o c a r b o n s ,  some o f  w h ich  a r e  
w id e sp re a d  in  a n c ie n t  sedim ents and f o s s i l  f u e l s .
A r t i f i c i a l  p e t ro le u m  g e n e r a t io n  by p y r o ly s i s  o f  kerogen  o r  b i tu m e n
from a sedim ent a t  te m p e ra tu re s  be tw een  375 t o  550 °C has shown t h a t  17a 
(H)-C2 7  and 17o(H),2 1 8 (H)-C2g hopanes  in c re a s e d  i n  c o n c e n t r a t i o n  a t  t h e
e x p e n s e  o f  t h e  Cj q  h o p a n e  ( G a l l e g o s ,  1 9 7 5 ;  S e i f e r t ,  1 9 7 8 ) .  The
hopane/m oretane and 17a(H )/178 ( H ) -  C27 hopane  r a t i o s  w e re  o b s e r v e d  to
i n c r e a s e  w i t h  m a t u r i t y  o f  t h e  k e r o g e n  ( S e i f e r t ,  1 9 7 8 ) .  T h is  i s
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c o n s i s t e n t  w i t h  t h e  g e n e r a l l y  o b s e r v e d  l o s s  o f  1 7 6 ( h ) , 2 1 6 (H )  
c o n f i g u r a t i o n  w i th  i n c r e a s e d  th e rm a l  s t r e s s  (Van D o r s s e l a e r  e t  a l . ,  
1977).
E n sm in g e r  (1977 )  c o n d u c ted  a r t i f i c i a l  m a tu ra t io n  experim en ts  w ith  
d ip lo p te n e  a d s o rb e d  on c l a y  and  r e p o r t e d  t h a t  d i p l o p t e n e  i s  r e a d i l y  
isom erized  i n t o  v a r io u s  h o p e n e s ,  e . g . ,  H op-17(21 )-ene and Hop-13(18) -e n e  
(H o p e n e - I l ) ,  a t  room te m p e ra tu r e  under m i l d  c o n d i t i o n s .  R e d u c t io n  o f  
d i p l o p t e n e  i n t o  6 6 ~C jq  h o p a n e  was a l s o  o b s e rv e d  u n d e r  a h y d ro g e n
atmosphere and  in  the  p r e s e n c e  o f  c lay  m i n e r a l s  (Ensm inger, 1977).
H i ld  o x id a t io n  of t h e  polyhydroxyhopane has been shown to  g e n e ra te  
176 ( h) , 21(3(H)-Cgg» and C g j hopanoid a c i d s  w ith  t h e  a c i d  a s  t h e
dominant p r o d u c t  (Rohmer, c i t e d  in  Van D o r s s e l a e r ,  1975).
Other s te re o c h e m ic a l  changes  have b e e n  shown to  o c c u r  d u r in g  t h e  
m a t u r a t i o n  p r o c e s s  o f  h o p a n o id s  in  a s ed im en t  (Ensminger e t  a l . ,  1973; 
Van D o r s s e l a e r ,  1975; E nsm inger ,  1977). T h ese  a re :
1) i s o m e r i z a t i o n  a t  p o s i t i o n  22 o f  ex tended  17a(H ), 2 1 6 ( h) hopanes 
le a d in g  to  a m ix tu re  o f  22R and 22S d ia s t e r e o m e rs .
2 )  d i s a p p e a r a n c e  o f  t h e  le s s  s t a b l e  1 7 6(H),216( h ) hopanes due to  
i s o m e r iz a t io n  a t  p o s i t i o n  17 o r  21 i n t o  1 7 « ( H ) , 216 ( h ) h o p a n e s  o r  176 
(H ),21u(b ) h o p an es .
I t  was s u g g e s te d  t h a t  i s o m e r iz a t io n  r e a c t i o n s  o f  17 6 (H ) to  1 7 u (h )  
hopanes a r e  p ro b a b ly  c o n t r o l l e d  by ac id  s i t e s  in  kerogen .
I I I .  EXPERIMENTAL METHODS
A. Area o f  Study
The a r e a  u n d e r  s t u d y  was t h e  C h e s a p e a k e  Bay a n d  tw o o f  i t s  
s u b e s t u a r i e s ,  t h e  James and  t h e  Potomac. In  g e n e ra l ,  t h e  s a l i n i t y  o f  
th e  water i n  th e  Bay v a r i e s  f ro m  n e a r  z e r o  a t  th e  h ead  o f  t h e  Bay to  
n e a r l y  t h a t  o f  sea  w ate r  a t  i t s  mouth. G ra v i ty  a c t in g  upon th e  d e n s i ty  
d i f f e r e n c e  b e t w e e n  f r e s h  w a t e r  an d  s e a  w a t e r  g i v e s  r i s e  t o  a 
c h a r a c t e r i s t i c  tw o-laye r  e s tu a r i n e  c i r c u l a t i o n  p a t te r n  (S ch u b e l  e t  a l . ,  
1976). Sources  o f  s e d im e n t s  t o  th e  Bay a r e  e x t e r n a l ,  m a r g i n a l ,  and 
i n t e r n a l .  On a system w id e - b a s i s ,  th e  e x t e r n a l  sources a r e  p redom inant, 
and the r i v e r s  account f o r  t h e  v a s t  m a jo r i t y  o f  t h i s  i n p u t .  E igh t major 
r i v e r s  f lo w  in t o  the  Chesapeake Bay. Of th e se  the Susquehanna River i s  
th e  l a r g e s t ,  w i th  a mean y e a r l y  d isc h a rg e  t h a t  accounts f o r  n e a r l y  50 % 
o f  th e  t o t a l  f r e s h w a t e r  i n p u t  to  th e  Chesapeake B a y -e s tu a r in e  system, 
and fo r  more th a n  85 % of  th e  t o t a l  f r e s h w a t e r  in p u t  to  t h e  Bay above  
t h e  mouth o f  t h e  Potomac ( F o l g e r ,  1 9 7 2 ) .  The c h a r a c t e r i s t i c  mode o f  
sediment t r a n s p o r t  in to  and w i th in  th e  e s tu a r i n e  p o r t io n s  o f  t h e  Bay I b 
a s  su sp e n d ed  load  (Schubel,  1976). The d i s t r i b u t i o n  and t r a n s p o r t a t i o n  
o f  suspended sed im en t i n  t h e  m ain  body o f  t h e  Bay w ere  d i s c u s s e d  by 
Schubel and B iggs ( c i t e d  in  Schubel,  1976).
The Jam es  R iv e r  i s  t h e  s o u t h e r n m o s t  m a jo r  t r i b u t a r y  o f  t h e  
C hesapeake  Bay and th e  l a r g e s t  r i v e r  in  V i r g in ia .  I t  i s  approx im ate ly  
400 miles i n  l e n g th ,  w ith  a t o t a l  d r a in a g e  a r e a  o f  o v e r  1 0 , 0 0 0  s q u a r e  
m i le s .  The James i s  t i d a l  from Hampton Roads to  Richmond, a d is ta n c e  o f
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ab o u t 100 m i le s  w i t h  an  a v e r a g e  t i d a l  r a n g e  o f  3 f e e t .  The a v e r a g e  
d e p t h  o f  t h e  t i d a l  p o r t i o n  o f  th e  James i s  a p p ro x im a te ly  20 f e e t .  The 
s a l i n i t y  i n t r u s i o n  n o r m a l ly  e x t e n d s  u p s t r e a m  t o  t h e  v i c i n i t y  o f  
Jamestown I s l a n d ,  about 40 m i le s  from th e  mouth.
The Potomac, w i th  a  lo n g - te rm  av e rag e  d i s c h a r g e  o f  about 310  c u b ic  
m e t e r / s e c ,  i s  th e  second l a r g e s t  r i v e r  e n t e r in g  th e  Bay, a c c o u n t in g  f o r  
ap p ro x im a te ly  19 % o f  th e  f r e s h w a te r  in p u t .  C o lo n ia l  Beach i s  l o c a t e d ,  
on t h e  s o u t h  s h o r e ,  a b o u t  35 n a u t i c a l  m i le s  u p s tream  from th e  mouth. 
The bo ttom  sed im en ts  c o n s i s t  o f  f i rm  muds and c l a y s  o f  m o d e ra te  t o  h ig h  
c o m p a c t i o n .  The a v e r a g e  w a t e r  d e p t h  i s  20 f e e t ,  and t h e  a v e r a g e  
s a l i n i t y  a t  th e  s u r fa c e  i s  from 6  to  10  p p t . ,  d e p e n d in g  on  t h e  s e a s o n .  
A b o u t 50 % o f  t h e  t o t a l  s e d im e n t  load  e n t e r in g  t h e  Potomac comes from 
t h e  d r a i n a g e  b a s i n  above  t h e  P o i n t  o f  Rocks (6 0  m i l e s  u p s t r e a m  o f  
W a s h i n g t o n  D . C . ) .  D i r e c t  e r o s i o n  o f  t h e  b a n k s  o f  t h e  e s t u a r y  i s  
c o n s id e re d  to  be  v ery  sm a l l  (L ippson e t  a l . ,  1 9 7 9 ) .
C la y  Bank i s  l o c a t e d  on th e  e a s t  shore  o f  t h e  lo v e r  York R iv e r  in  
G lo u c e s te r  County, V i r g in i a .  The a r e a  i s  s c a r c e l y  p o p u la ted  w i t h  m a rsh  
l a n d  c o v e r i n g  a  c o n s i d e r a b l e  p a r t  o f  th e  a r e a .  The on ly  m ajo r highway 
i n  th e  a r e a  i s  U .S. Route 17 . Two a s p h a l t - s u r f a c e d  roads (R oute  614 and 
R o u te  6 1 6 )  connec t th e  C lay  Bank a r e a  to  U .S . R oute  17. R oute  708 i s  a 
d i r t  ro ad  t h a t  le a d s  to  th e  York R iv e r .
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B. Sampling Methods and L o c a t io n s
1 . Chesapeake Bay s e d i m e n t s .  Md. & V a . i C h e s a p e a k e  Bay s e d im e n t  
samples w ere o b ta in e d  w ith  a  S m ith -M cln tyre  g ra b .  The g rab  samples were 
c o l l e c t e d  by Mr. P . deFur i n  t h e  F a l l  o f  1979, d u r in g  th e  second  c r u i s e  
o f  t h e  VIMS-EPA C h e s a p e a k e  Bay p ro g ra m  f o r  t h e  a n a l y s i s  o f  t o x i c  
s u b s ta n c e s .  Tw enty-tw o s u b s a m p le s  w ere  t a k e n  f o r  s e p a r a t e  a n a l y s e s  
r e p o r te d  i n  t h i s  s tu d y .  Sedim ents were im m ediate ly  p la c e d  in  wide mouth 
g l a s s  j a r s  w i th  T ef lo n  l in e d  caps  and k e p t  in  an ic e  box u n t i l  r e t u r n  to  
t h e  l a b o r a t o r y .  They w ere  t h e n  f r o z e n  i n  t h e  j a r s  and s to r e d  u n t i l  
a n a l y s i s .  L o c a t io n  o f  th e  sam pling s t a t i o n s  a re  shown in  F ig u re  2 .
2 .  Jam es R ive r  s ed im en ts .  V a . : E ig h t  c o re  samples were taken  w ith  a 
m o d if ied  g r a v i t y - t y p e  c o r e r  hav ing  a d i a m e t e r  o f  2 i n c h e s ,  i n  A u g u s t ,  
1 9 7 9 .  C o r e s  o f  s e d im e n t s  w e re  o b t a i n e d  up to  70 cm i n  l e n g t h .  In  
a d d i t i o n ,  a  s i x - f o o t  c o r e  (V C -14) w i th  a  3 - 3 / 8  i n c h  i n s i d e  d i a m e t e r  
c o r e r  was o b ta in e d  from Mr. R. Gammish (James R ive r  M ain tenance Dredging 
D em onstra t ion  P r o j e c t ) .  This c o re  was re c o v e re d  in  November 1980 u s i n g  
a v i b r a t o r y  c o r i n g  d e v ic e .  A l l  c o r e s ,  c o n ta in e d  in  t h e i r  p l a s t i c  c o re  
l i n e r s ,  were s to r e d  v e r t i c a l l y  and im m edia te ly  s e c t io n e d  upon r e t u r n i n g  
to  t h e  l a b o r a t o r y .  The s e c t io n e d  samples were p la c e d  in  s o lv e n t - r i n s e d  
j a r s  and s u b se q u e n tly  s to r e d  in  a  f r e e z e r  u n t i l  a n a l y s i s .  L o c a t i o n  o f  
sampling s t a t i o n s  a re  shown i n  F ig u re  3 .
3 .  P o tom ac  R iv e r  s e d i m e n t s .  V a: A p i s t o n  c o r e  was c o l l e c t e d  in  
C o lo n ia l  Beach (CB-002) from th e  Potomac R iv e r  by Mr. R. Gammish in  1980 
d u r in g  th e  VIMS Sand In v e n to ry  c r u i s e .  F o l lo w in g  r e t r i e v a l ,  t h e  c o r e  
was s t o r e d  v e r t i c a l l y  u n t i l  r e tu r n e d  to  th e  la b o ra to ry  f o r  s e c t i o n in g .  
The p l a s t i c  c o re  b a r r e l  was s p l i t  l o n g i t u d i n a l l y  and th e  s e d im e n t  w h ich  
had  b e e n  i n  c o n t a c t  w i t h  t h e  b a r r e l  was c a r e f u l l y  sc rap ed  away w ith  a
F ig u re  2 . L o c a t io n  o f  sam pling  s t a t i o n s  i n  th e  Chesapeake 
Bay e s tu a r y .




F ig u r e  3 .  L o c a t io n  o f  sam pling  s t a t i o n s  i n  th e  James R ive r  




s p a t u l a  b e fo re  m easured s e c t io n s  were cu t  and p la c e d  i n  s o l v e n t - r i n s e d  
j a r s .  Samples w ere  s to r e d  f r o z e n  in  th e  j a r s  u n t i l  a n a l y s i s .  L o ca tio n  
o f  th e  sampling s t a t i o n  i s  shown i n  F ig u re  4 .
4 .  R o ad s id e  s o i l .  V a.: Two s u r f a c e  s o i l  samples were c o l l e c t e d  w i th  
a  s o l v e n t - r i n s e d  s h o v e l  n ea r  c e m e n t - s u r f a c e d  s t r e e t s  i n  N ew port News 
( J e f f e r s o n  Avenue) and V i rg in ia  Beach ( A t l a n t i c  Avenue). One sample was 
c o l l e c t e d  n e a r  an a s p h a l t - s u r f a c e d  s t r e e t  i n  N o r f o lk  (G ra n b y  S t r e e t ) .  
The s a m p le s  w e re  p l a c e d  in  s o lv e n t - r i n s e d  j a r s  and s to r e d  i n  a f r e e z e r  
u n t i l  a n a l y s i s .
5 .  C lav  Bank s o i l .  Va.: S u r fa c e  s o i l  was c o l l e c t e d  w i th  a  s o lv e n t -  
r i n s e d  shove l a t  a s i t e  l o c a t e d  7 m i l e s  f ro m  VIMS, 4 m i l e s  o f f  U .S .  
R o u t e  1 7 .  Two s a m p le s  (7 0 8 -1  and  7 0 8 - 2 )  w e re  c o l l e c t e d  from  t h i s  
l o c a t i o n .  In  a d d i t i o n ,  one sample (17-1) waB c o l l e c t e d  n e a r  U .S .  R o u te  
17 ( a s p h a l t - s u r f a c e d  h ig h w ay )  and  one sam ple  (614-1) was c o l l e c t e d  4 
m i l e s  away f ro m  U .S .  R o u te  17 ( n e a r  R o u te  6 1 4 ) .  See F i g u r e  5 f o r  
sam pling  s t a t i o n  l o c a t i o n s .
In  a d d i t i o n ,  f o u r  unused and one used  m otor o i l  from f o u r  d i f f e r e n t  
m a n u f a c t u r e r s ,  a n  a s p h a l t  sam ple, a c o a l  sample and a c ru d e  o i l  sample 
were an a ly zed  f o r  h o p a n o id s .  The motor o i l  was th e  10W-30 ty p e  made by  
M o b i l  (M O-1), S e a r s  (M O -2), K -m a r t  (MO-3) and  V av o lin e  (MO-4). The 
a s p h a l t  s am p le  was c o l l e c t e d  f ro m  a p a r k i n g  l o t  i n  f r o n t  o f  t h e  
G l o u c e s t e r  P o i n t  U .S .  P o s t  O f f i c e .  The c o a l  sample was ta k e n  from an 
o ld  c o a l  mine t h a t  i s  no lo n g e r  i n  o p e r a t i o n ,  l o c a t e d  a b o u t  15 m i l e s  
w e s t  o f  R ichm ond , V i r g i n i a .  A L ib y a n  c r u d e  o i l  was o b ta in e d  from a 
c o l l e c t i o n  o f  c ru d e  o i l s  from th e  V i rg in ia  I n s t i t u t e  o f  M arine S c ience .












C. A n a ly t i c a l  P rocedures
A n a l y t i c a l  p r o c e d u r e s  f o r  t h e  a n a l y s i s  o f  h o p a n o id  a c i d s  a n d  
h y d r o c a r b o n s  i n  s e d i m e n t s ,  s o i l s ,  m o to r  o i l ,  a s p h a l t ,  and c o a l  were 
i d e n t i c a l  w i th  th e  e x c e p t io n  o f  th e  sample p r e t r e a t m e n t  and  e x t r a c t i o n  
s t e p s *  H o p an o id  a c i d s  w e re  an a ly z e d  o n ly  in  th e  sed im ent sam ples . A 
f lo w - c h a r t  f o r  th e  p ro c e d u re ,  r e p r e s e n t in g  th e  a n a l y s i s  o f  sed im en ts ,  i s  
p r e s e n te d  in  F ig u re  6 ,
To m in im iz e  t h e  p o s s i b i l i t y  o f  c o n t a m i n a t i o n ,  o n l y  t h e  p u r e s t  
s o l v e n t s  a v a i l a b l e  w ere  u s e d  f o r  t h e  a n a l y s i s  ( B u rd ick  and Jack so n ,  
d i s t i l l e d - i n - g l a s s  ) .  F r e q u e n t  b l a n k s  w e re  p e r f o r m e d  to  d e t e r m in e  
background l e v e l s .  A l l  g la s s w a re  was f i r s t  washed w ith  h o t  soapy w a te r ,  
soaked  o v e rn ig h t  i n  20 % C h e m -so lv  s o l u t i o n  and  t h e n  r i n s e d  s e v e r a l  
t i m e s  w i th  h o t  t a p  w a te r  and  d e - i o n i z e d  w a te r .  T h is  was fo llow ed  by 
w ash ing  w ith  1 : 1  h y d ro c h lo r ic  a c id  and r i n s i n g  w ith  d e - io n iz e d  w ate r  and
a c e to n e .  F i n a l l y ,  th e  g la s s w a re  was oven d r i e d  a t  180-200 °C and s to r e d  
i n  a  d u s t  f r e e  c o n t a in e r  o r  wrapped w i th  c l e a n  alum inum  f o i l .  B e f o r e  
u s e ,  t h e  g la s s w a re  was r i n s e d  a g a in  w ith  a c e to n e ,  m e th an o l,  to lu e n e  and 
f i n a l l y  w ith  th e  s o lv e n t  to  be  used  f o r  th e  a n a l y s i s .
1 .  Sample p r e p a r a t i o n  and e x t r a c t i o n : Im m ediate ly  p r i o r  to  a n a l y s i s ,  
t h e  s e d im e n t  an d  s o i l  s a m p le s  w ere  th a w e d ,  p l a c e d  i n  p r e - c l e a n e d  
s t a i n l e s s  s t e e l  t r a y s  and th e n  f r e e z e - d r i e d  i n  a V i r t i s  10-MR-TR f r e e z e -  
d r i e r  f o r  about 24  h o u rs .  The f r e e z e - d r i e d  sed im e n ts  w e re  hom o g en ized  
w i t h  a  m o r t a r  and  p e s t l e ,  t r a n s f e r r e d  to  c l e a n  T eflo n -cap p ed  j a r s  and 
k e p t  i n  a f r e e z e r  u n t i l  e x t r a c t i o n .  Sedim ents  o f  30 to  50 g d r y  w e ig h t
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T o lu e n e :  HeOH
(3:7),
( I )  L H KOK (plf 11)
( I I )  Hexane (SxlOO ml)
H exane e x t r a c t
(I) Cone. 11C1 (pH 2)





D i e t h y l  e t h e r  
(1 5 0  m l)
GC
(125-180 ml) (1 8 0 -2 2 0  m l)















( s u l f u r  r e m o v a l v /C u )
(8 5 -1 1 0  m l)  (1 1 0 -1 5 0  m l)  (1 5 0 -1 9 0  m l)
I 1 I
S t o r e  CC, CC-HS* S to r e
♦ S e l e c t e d  S am p les
F ig u re  6 . F low chart o f  a n a l y t i c a l  p ro ced u re .
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w e r e  s p i k e d  w i t h  i n t e r n a l  s t a n d a r d s  ( 2 -m e th 7 l  o c t a d e c a n e ,  1 , 1 ' -  
b in a p h th y l ,  c h o le s t a n e  and 5 8 -c h o la n ic  a c id )  and th en  S o x h l e t - e x t r a c t e d  
w i t h  300 m l t o l u e n e : m e t h a n o l  ( 3 : 7 )  a z e o t r o p i c  m i x t u r e  f o r  48 h o u r s .  
S u b s e q u e n t l y ,  t h e y  w ere  r e d u c e d  to  a p p r o x i m a t e l y  50 m l by r o t a r y  
e v a p o ra t io n ,  ta k e n  up in to  w a te r  (100 ml) and a d ju s te d  to  about pH 11 by 
a d d i t i o n  o f  IN KOH.
The Richmond c o a l  sample was homogenized w ith  a m o r ta r  and p e s t l e  
b e f o r e  e x t r a c t i o n .  About 10 g o f  th e  c o a l  sample was S o x h l e t - e x t r a c t e d  
w i t h  a  3 :7  t o l u e n e i m e t h a n o l  a z e o t r o p i c  m i x t u r e  f o r  48 h o u r s .  The 
e x t r a c t  was reduced  i n  volume and th en  f u r t h e r  s e p a r a t e d  by s i l i c a - g e l  
chrom atography f o r  subsequen t a n a l y s i s .
A p i e c e  o f  a s p h a l t  (9 0 0  g )  was u l t r a s o n i c a t e d  w i t h  1 l i t e r  o f  
h e x a n e  f o r  45 m i n u t e s .  The hexane s o lu b le  f r a c t i o n  was ev ap o ra ted  to  
d ry n ess  y i e l d i n g  an o rg a n ic  m a t e r i a l  o f  abou t 2 grams. ThiB r e s id u e  was 
t a k e n  up  i n  1 0  ml o f  hexane and s to r e d  in  th e  f r e e z e r  p r i o r  to  s i l i c a -  
g e l  chrom atography and subsequen t a n a l y s i s .
One gram o f  each  motor o i l  and o f  th e  c rude  o i l  was d i s s o lv e d  i n  5 
ml o f  p en ta n e  and th en  reduced  in  volume by a  g e n t l e  s t re a m  o f  n i t r o g e n  
g a s  t o  a b o u t  1 ml (o n ly  th e  s o lu b le  p a r t  o f  c rude o i l  was used  f o r  th e  
a n a l y s i s ,  th e  a s p h a l t e n e  was d i s c a r d e d ) .  The e x t r a c t  was ta k e n  up i n  2 
ml h e x a n e  and s t o r e d  in  th e  f r e e z e r  p r i o r  to  s i l i c a - g e l  chromatography 
and su bsequen t a n a l y s i s .
2 .  L ip id  s e p a r a t i o n :
N e u t r a l  and b a s i c  compounds were o b ta in e d  by p a r t i t i o n i n g  f ro m  t h e  
a l k a l i n e  e x t r a c t  i n t o  hexane (5x100 m l) .  A f t e r  r o t a r y  e v a p o ra t io n  to  3
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m l, the  hexane e x t r a c t  was t r a n s f e r r e d  to  a 15 ml c e n t r i f u g e  tu b e  and 
evapora ted  g e n t ly  under a  n i t r o g e n  s tream  to  1 m l.
a .  S i l i c a - g e l  chrom atography: S i l i c a - g e l  ( B io - S i l ,  100-200 mesh) was 
S o x h l e t - e x t r a c t e d  w i th  h e x a n e  f o r  24 h o u r s ,  then  a l low ed  to  a i r  d ry .
T h is  p r e - e x t r a c t e d  s i l i c a - g e l  was a c t i v a t e d  by h e a t in g  a t  220 °C f o r  16 
h o u r s .  Meanwhile, a c t i v a t e d  copper was p re p a re d  acco rd ing  to  the  method 
o f  Blumer (1 9 5 7 ) .
The s i l i c a - g e l  co lum n (10x300 mm) w i th  coa rse  g l a s s  f r i t  a t  th e  
bottom  was r i n s e d  w ith  hexane . F i f t e e n  gram s o f  a c t i v a t e d  s i l i c a - g e l  
w e re  s l u r r i e d  w i th  50 ml o f  h exane ,  t r a n s f e r r e d  to  th e  column and th e  
s o lv e n t  was a llow ed to  d r a i n .  The g e l  was s e t t l e d  by a v i b r a t o r  t o  a 
h e i g h t  o f  1 7 .5  cm. A c t i v a t e d  c o p p e r  pow der 1 .5  cm t h i c k  was t h e n  
a p p l i e d  on to p  o f  t h e  colum n to  rem ove any  s u l f u r  p r e s e n t  i n  t h e  
sam ples .  The column was washed w ith  50 ml o f  hexane w ith  a  so lv en t  f low  
r a t e  o f  about 2  ml p e r  m in u te .
The n e u t r a l  f r a c t i o n  was q u a n t i t a t i v e l y  t r a n s f e r r e d  on to  the  column 
w i th  a d is p o s a b le  g la s s  p i p e t t e  and e lu te d  as  fo l lo w s :  20 ml h e x a n e ,  35 
ml 40/60  (v/V) h e x a n e / to lu e n e  and 50 ml m ethano l.  Three f r a c t i o n s  were 
c o l l e c t e d ,  one f o r  each e l u t i n g  s o lv e n t .  The f i r s t  5 ml o f  t h e  h e x a n e  
f r a c t i o n  was d is c a rd e d .  The hexane and to lu e n e  f r a c t i o n s  were ana lyzed  
by g a s - l i q u i d  chromatography, a f t e r  be ing  ev ap o ra ted  u n d e r  n i t r o g e n  to  
0 .2  ml. The methanol f r a c t i o n  was k ep t  r e f r i g e r a t e d .
b .  Gas chromatography o f  hexane and t o l u e n e  f r a c t i o n s :  The h e x a n e  
f r a c t i o n ,  c o n t a i n i n g  m o s t l y  a l i p h a t i c  h y d r o c a r b o n s ,  and th e  to lu e n e
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f r a c t i o n ,  c o n ta in in g  m ostly  a r o m a t i c s ,  w ere  a n a l y z e d  u s i n g  a 45 m by 
0 . 2 5  mm i . d .  S E -5 2  WCOT g l a s s  c a p i l l a r y  co lum n p r e p a r e d  i n  t h i s  
l a b o r a t o r y .  R e s i d u a l  s o l v e n t  was rem oved and b o t h  f r a c t i o n s  w e re  
d i s s o lv e d  in  0 .2  ml to lu e n e  b e fo re  i n j e c t i n g  in  th e  s p l i t l e s s  mode a t  75
°C. Tem perature was programmed from 75 to  300 °C a t  6  °C/min u s in g  h igh  
p u r i t y  h e l iu m  as th e  c a r r i e r  g a s .  A V arian  3700 gas chromatograph w ith  
a f l a m e  i o n i z a t i o n  d e t e c t o r  (FID ) was u s e d .  The FID d e t e c t o r  w as
m a in ta in ed  a t  280 °C and th e  i n j e c t i o n  p o r t  tem p era tu re  was 275 °C .
I n d i v i d u a l  h y d r o c a r b o n s  w ere  q u a n t i f i e d  r e l a t i v e  t o  i n t e r n a l  
r e f e r e n c e  s ta n d a rd s .  2 -M ethy loctadecane (2-MOD) was used as an i n t e r n a l  
s ta n d a rd  f o r  th e  h e x a n e  f r a c t i o n  and  1 , l " ' - * b in a p h th y l  a s  an  i n t e r n a l  
B ta n d a rd  f o r  t h e  t o l u e n e  f r a c t i o n .  P eak  a re a s  f o r  each chromatogram 
were computed w ith  a HP 3352B L abora to ry  Data System.
c .  G e l perm eation  chromatography: The hexane f r a c t i o n s  were f u r t h e r  
s e p a r a t e d  by g e l  p e r m e a t i o n  c h r o m a t o g r a p h y  (GPC A u t o P r e p  1 0 0 1 ,  
A n a l y t i c a l  B iochem istry  L ab o ra to ry ,  I n c . )  in  o rd e r  t o  i s o l a t e  hopanoid 
m o l e c u l e s  f ro m  t h e  m o re  a b u n d a n t  n - a l k a n e s .  G e l  p e r m e a t i o n  
ch ro m a to g ra p h y  was employed in s te a d  o f  th e  co n v en t io n a l  m o lecu la r  s ie v e  
(O 'C o n n o r  e t  a l . ,  1962) m ethod  u s e d  by o t h e r  i n v e s t i g a t o r s .  G e l  
p e r m e a t i o n  ch ro m a to g rap h y  was found to  be e a s i e r  t o  work w ith  and l e s s  
time consuming than  th e  m o lecu la r  s ie v e  method. However, g e l  perm eation  
c h ro m a to g ra p h y  d o e s  h a v e  th e  d i s a d v a n t a g e  of d i s t o r t i n g  th e  n -a lk a n e  
chromatogram. H igh-m olecu la r  weight n -a lk a n e s  (> C^y) a re  f r a c t i o n a t e d
in  t h e  P i  f r a c t i o n  w h e re a s  th e  sm all n -a lk a n e s  a r e  r e t a in e d  in  th e  P2 
f r a c t i o n  (F ig u re  6 ) .  No f r a c t i o n a t i o n  o f  hopanes was observed .
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The g e l  p erm eation  column was p re p a re d  as  fo l lo w s :  N in e ty  grams o f  
B io-Bead S-X8  g e l  (Bio-Rad L a b o r a t o r i e s )  w e re  w e ig h e d  i n t o  a b e a k e r ,  
c o v e r e d  w i t h  400  m l o f  m e t h y l e n e  c h l o r i d e  and  a l l o w e d  to  s t a n d  
o v e r n ig h t .  T h is  a l lo w e d  t h e  r e s i n  t im e  t o  s w e l l .  The g e l  was t h e n  
s l u r r i e d  i n t o  a  s i l i c o n e - t r e a t e d  g l a s s  ch rom atograph ic  column (25X600 
mm) under vacuum, and com pressed to  a  h e ig h t  o f  50 cm. The co lum n was 
i n s t a l l e d  i n  t h e  GPC A u to F re p  1001 and w ashed  w i th  abou t 1 l i t e r  o f  
m e thy lene  c h l o r i d e  ta k in g  c a r e  to  i n s u r e  t h a t  a l l  a i r  was c o m p l e t e l y  
e l u t e d  from th e  GPC column p r i o r  to  u s e .
The p e rfo rm an ce  o f  GPC f o r  t h e  s e p a r a t i o n  o f  h o p a n e s  was f i r s t  
checked  by p a s s in g  a s ta n d a r d  s o l u t i o n  c o n ta in in g  n -a lk a n e s  (n -C j^  t o  n -
C3 2 ) ,  b ranched  a l k a n e s  ( p r i s t a n e  an d  2 - m e t h y l o c t a d e c a n e )  and c y c l i c
a l k a n e s  ( n - d e c y l c y c l o h e x a n e ,  a n d r o s t a n e  and  c h o l e s t a n e )  th rough  th e  
c o lu m n .  C h o l e s t a n e  was u s e d  a s  a n  i n d i c a t o r  f o r  t h e  e l u t i o n  o f  
h o p a n o i d s  f r o m  t h e  c o lu m n .  The p e r fo m a n c e  o f  GPC f o r  s e p a r a t i n g  
c h o le s ta n e  i s  shown in  T a b le  Al i n  t h e  A p p e n d ix .  The e l u t i o n  vo lum e 
f ro m  1 2 5 -180  m l was e s t a b l i s h e d  a s  t h e  hopane f r a c t i o n .  The e l u t i o n  
volume from 90-125 ml c o n ta in e d  m a in ly  h igh  m o le c u la r  w e ig h t  n - a l k a n e s  
and some b ranched  a l k a n e s .
E x t r a c t s  from samples were a p p l i e d  to  th e  column in  3 ml m e th y le n e  
c h l o r i d e ,  and  e l u t i o n  was c a r r i e d  o u t  w ith  th e  same s o l v e n t .  The flow  
o f  f l u i d s  th ro u g h  the  column i s  f ro m  b o t to m  t o  t o p .  The e l u e n t  f lo w  
r a t e  w as m a i n t a i n e d  a t  7 . 0  m l /m i n .  The o p e r a t i o n a l  p r e s s u r e  was 
a p p r o x im a te ly  5 p s i / f t  o f  co lu m n . T h re e  f r a c t i o n s  w e re  c o l l e c t e d :  
e l u t i o n  v o lu m es  o f  8 5 -1 2 5  m l ,  125-180 ml and 180-220 ml r e s p e c t i v e l y .  
The f i r s t  85 ml were d i s c a r d e d .  A l l  f r a c t i o n s  w ere  c o n c e n t r a t e d  f i r s t
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by r o t a r y  e v a p o r a t io n *  and then  w ith  a s tream  o f  d ry  n i t r o g e n  to  about 
0 .2  ml. The second f r a c t io n *  c o n ta in in g  p e n t a c y c l i c  t r i t e r p a n e s *  was 
f u r t h e r  a n a l y z e d  by g a s  c h ro m a to g ra p h y  and  GC/MS a f t e r  changing th e  
s o lv e n t  t o  0 . 2  ml to lu e n e .
d .  Gas ch ro m a to g rap h y  o f  t r i t e r p a n e s :  T r i te rp a n e s  were ana lyzed  by 
gas chromatography* u s in g  th e  same c o n d i t io n s  a s  p r e v i o u s l y  d e s c r i b e d .
Samples were i n j e c t e d  s p l i t l e s s  a t  75 °C, h ea te d  to  200 °C a t  20 °C/min,
h e ld  is o th e rm a l  a t  200 °C f o r  1 m inute and th en  t e m p e r a t u r e  programmed
from  200 to  300 °C a t  2 °C/min. A l l  th e  hopane isomers were e lu te d  in  
th e  second temperature-programmed r e g io n .  Samples were a l s o  c o - in j e c t e d  
w i t h  n~C2 g an<* n“ ^36 80  Kovats in d ic e s  o f  th e  hopanoids could  be
c a l c u l a t e d .
The c o n c e n t r a t i o n s  o f  t h e  t r i t e r p a n e s  were determ ined  u s in g  th e  
i n t e r n a l  s tandard*  c h o le s ta n e ,  added to  th e  samples b e f o r e  e x t r a c t i o n .  
F o r  s a m p le s  o f  c o a l ,  a s p h a l t ,  motor o i l  and crude o i l  where c h o le s ta n e  
was no t sp ik ed  in to  the  Bamples b e fo re  s i l i c a - g e l  c h ro m a to g ra p h y ,  t h e  
c o n c e n t r a t i o n s  o f  h o p a n o id s  w ere  d e t e r m in e d  by c o i n j e c t i o n  o f  t h e  
samples w i th  a  known volum e o f  c h o l e s t a n e .  The c a l c u l a t i o n  o f  p e a k  
a r e a s  and  th e  c o r r e s p o n d i n g  c o n c e n t r a t i o n s  was accom plished  by a HP 
3352B L abora to ry  Data System in t e r f a c e d  w ith  th e  GC.
3. A n a ly s is  o f  honanoid a c i d s :
F o l lo w in g  p a r t i t i o n i n g  o f  t h e  n e u t r a l  com pounds, t h e  a q u e o u s  
s o l u t i o n  was a c i d i f i e d  w i t h  c o n c e n t r a t e d  HC1 to  pH 2 .  The a c i d i c  
compounds were i s o l a t e d  by p a r t i t i o n i n g  in to  m e th y le n e  c h l o r i d e  (5x100
m l ) • P r i o r  t o  t h e i r  a n a l y s i s ,  h o p a n o id  a c i d s  m ust b e  c o n v e r t e d  to  
v o l a t i l e  d e r i v a t i v e s .  M e th y l  e s t e r s  a r e  t h e  p r e f e r r e d  d e r i v a t i v e s  
b e c a u s e  th e y  a r e  v o l a t i l e ,  e a s i l y  form ed, and s t a b l e .  Hence, th e  a c id  
f r a c t i o n  v a s  r o t a r y  e v a p o r a t e d  t o  a few  m i l l i l i t e r s ,  t h e  r e s i d u e  
q u a n t i t a t i v e l y  t r a n s f e r r e d  to  a 15 ml tu b e  and th e  s o l u t i o n  ev ap o ra ted  
to  d ry n ess  w ith  a s tream  o f  d ry  n i t r o g e n .  The m e th y l  e s t e r s  w ere  t h e n  
p re p a re d  by add ing  1-2 ml o f  a m ethano1-boron t r i f l u o r i d e  s o lu t i o n  (14 % 
BF^ in  m e thano l;  A l l t e c h ,  A r l in g to n  H e ig h t s ,  1 1 1 . ,  U .S .A . )  to  t h e  tu b e
and h e a t i n g  a t  70 °C f o r  one  h o u r .  The e s t e r s  w ere  e x t r a c t e d  w ith  
d i e t h y l  e th e r  (5x3 ml) a f t e r  a d d i t i o n  o f  5 m l o f  w a t e r .  The m e th y l  
e s t e r  s o l u t i o n  was c o n c e n t r a te d  to  1 ml w ith  a  s tream  o f  d ry  n i t r o g e n .  
The e s t e r s  w e r e  f u r t h e r  p u r i f i e d  b y  K O H - c o a t e d  s i l i c a - g e l  
chrom atography .
a .  K O H /S i l ic a -g e l  c h r o m a to g r a p h y :  T h i s  p r o c e d u r e ,  m o d i f i e d  f ro m  
M cC arthy  and D u th ie  ( 1 9 6 2 ) ,  i s  summarized below . The isopropanol-KOH 
was p r e p a re d  a c c o rd in g  to  t h e  method o f  Keeney (1 9 5 6 ) .  The i s o p ro p a n o l -  
KOH s o l u t i o n  shou ld  c o n ta in  ap p ro x im a te ly  50 mg KOH p e r  m l .  One hundred 
grams o f  s i l i c a - g e l  (Bio-Rad L a b o r a to r y ) ,  100 m e sh ,  was r i n s e d  two o r  
t h r e e  timeB w ith  d i e t h y l  e t h e r  and p e r m i t t e d  t o  d ry  in  a i r .
F iv e  grams o f  t h i s  s i l i c a - g e l  w ere weighed in to  a s m a l l  b e a k e r .  To 
t h i s ,  10 ml o f  is o p ro p a n o l-K O H  and 30 ml o f  d i e t h y l  e t h e r  were added . 
A f t e r  s t a n d i n g  5 m i n u t e s ,  t h e  s i l i c a - g e l  was s l u r r i e d  i n t o  a 
c h ro m a to g ra p h y  colum n (1 0 x 3 0  mm) and  w ashed  w i t h  100 m l o f  d i e t h y l  
e t h e r .  A s o lv e n t  f low  r a t e  o f  5 ml p e r  m inute  was s a t i s f a c t o r y .
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The sam ple  was q u a n t i t a t i v e l y  t r a n s f e r r e d  on to  th e  column w i th  a 
d i s p o s a b le  g la s s  p i p e t t e .  The m e thy l e s t e r s  were e l u t e d  i n  one f r a c t i o n  
w i t h  150 ml o f  d i e t h y l  e t h e r  and  c o n c e n t r a t e d  by r o t a r y  e v a p o ra t io n .  
The d i e t h y l  e th e r  i s  e a s i l y  removed under vacuum bo one must be  c a r e f u l  
n o t  to  o v e r h e a t  th e  w a te r  b a th ,  o th e rw is e  bumping o ccu rs  and th e  sample 
i s  l o s t .
b .  G as ch ro m a to g ra p h y  o f  m e thy l e s t e r s :  The p u r i f i e d  m e thy l e s t e r s  
were i n j e c t e d  s p l i t l e s s  i n t o  a g l a s s  c a p i l l a r y  column a f t e r  t h e  s o l v e n t  
was changed to  0 .2  ml t o l u e n e .  GC c o n d i t io n s  were th e  same a s  d e s c r ib e d  
b e fo re  f o r  th e  hexane and to lu e n e  f r a c t i o n s .
c .  G e l  p e r m e a t i o n  chrom atography: Fo llow ing  a n a l y s i s  o f  th e  m ethyl 
e s t e r s ,  th e  rem ain ing  m e thy l e s t e r  s o l u t i o n  was f u r t h e r  s e p a ra te d  by g e l  
p e r m e a t i o n  c h r o m a t o g r a p h y .  The p e r f o r m a n c e  o f  GPC i n  s e p a r a t i n g  
hopanoid  a c id s  from f a t t y  a c id s  was based  on th e  s e p a r a t i o n  o f  c h o l a n i c  
a c i d  m e t h y l  e s t e r .  The r e s u l t  o f  t h i s  a n a l y s i s  i s  shown i n  T ab le  A2. 
An e l u t i o n  volume o f  110-150 ml was e s t a b l i s h e d  as hopanoid  a c i d  m e th y l  
e s t e r  f r a c t i o n .
T hree  f r a c t i o n s  were c o l l e c t e d :  85-110 m l, 11 0 -1 5 0  ml and  1 5 0 -1 9 0  
m l .  T h e  f i r s t  85  m l w e r e  d i s c a r d e d .  A l l  t h r e e  f r a c t i o n s  w ere  
c o n c e n t r a t e d  by r o t a r y  e v a p o r a t i o n  and t h e n  w i t h  a  s t r e a m  o f  d r y  
n i t r o g e n  t o  a b o u t  0 . 2  m l.  The second f r a c t i o n  which c o n ta in s  hopanoid  
a c id  m e th y l e s t e r s  was f u r t h e r  ana ly zed  by gas  chromatography and  GC/MS 
a f t e r  chang ing  th e  s o lv e n t  t o  0 . 2  ml to lu e n e .
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d. Gas chromatography o f  hopanoid a c id  m ethyl e s t e r s :  The h o p a n o id  
a c i d  m e th y l  e s t e r s  w ere  s e p a r a t e d  by gas  chromatography u s in g  a g la s s  
c a p i l l a r y  column (45 m x 0 ,25  mm i . d . ,  SE-52 ) w ith  h e l iu m  as  c a r r i e r .
Sample r u n s  w ere  t e m p e r a t u r e  programm ed from  7 5 °C t o  250 °C a t  20
°C/min and he ld  i s o th e rm a l  f o r  1 m inu te ,  th en  programmed a g a in  f ro m  250
to  300 °C a t  2 °C/min. Helium flow  was 3 .0  m l/m in. The i n j e c t i o n  p o r t
te m p era tu re  was 275 °C and th e  d e t e c to r  te m p era tu re  was 280 °C.
4 ,  Gas chromatogranhv-Mass sp ec tro m etry  (GC/KS)t
M olecu lar c h a r a c t e r i z a t i o n s  o f  i n d i v i d u a l  a c i d s  and  h y d r o c a r b o n s  
were made on s e le c te d  sedim ent samples by GC/MS u s in g  a DuPont model 21- 
492-B m ass  s p e c t r o m e t e r  i n t e r f a c e d  t o  a V a r i a n  m o d e l  2 7 0 0  g a s  
c h ro m a to g ra p h  m o d i f i e d  f o r  w a l l  coa ted  g l a s s  c a p i l l a r y  columns (SE-52, 
30 m l e n g t h ,  0 .2 5  mm i . d . ) .  The same GC t e m p e r a t u r e  p r o g r a m  as  
p re v io u s ly  d e s c r ib e d  was used f o r  th e se  a n a ly s e s .
The e f f l u e n t  o f  t h e  GC c o lu m n  w as t r a n s f e r r e d  t o  t h e  m a ss  
s p e c t r o m e t e r  source  d i r e c t l y  v i a  a 0 . 1 2  mm i . d .  g la s s  c a p i l l a r y ,  hea ted
to  370 °C . The i o n  s o u r c e  t e m p e r a t u r e  was a p p r o x i m a t e l y  2 75  °C .  
E l e c t r o n s  o f  70 eV i n  an e l e c t r o n  im p a c t  sou rce  formed th e  fragm ents  
observed  in  th e  mass s p e c t r a .  The scan r a t e  was 1 s e c / d e c a d e  f o r  th e  
m ass r a n g e  51-517  o r  6 9 -6 1 7  AMU. The m ass  s p e c t r o m e t r i c  d a t a  were 
a c q u i r e d  and  p r o c e s s e d  u s i n g  a Dupont Model 2 1 -0 9 4 B  d a t a  s y s t e m .  
B ackg round  s p e c t r a  were a l s o  r e c o rd e d .  Fragment masses were c a l i b r a t e d  
w ith  a p e r f lu o r o a lk a n e  m i x t u r e  (PCR P r o d u c t  Mo.1 2 3 3 ) .  A l l  r e p o r t e d
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s p e c t r a  were c o r r e c t e d  f o r  background and n o rm alized  to  th e  most in t e n s e  
f ragm en t io n  above m/e 50.
5 .  T o ta l  o rg a n ic  ca rb o n :
T o ta l  o rg a n ic  ca rbon  c o n c e n t r a t i o n s  o f  an a c i d - t r e a t e d  a l i q u o t  from 
each sedim ent sample were measured w i th  a  Leco Carbon A n a ly z e r .  A 0 .5  g 
sample was t r e a t e d  f o r  12 h o u r s  w i t h  1 :1  HC1, w ashed  w i t h  d e - i o n i z e d
w a t e r ,  f i l t e r e d  and d r i e d  a t  60 °C. The sample was th e n  weighed in  a 
Leco c a r b o n - f r e e  c r u c i b l e  and m easured f o r  o rg a n ic  c a r b o n  c o n t e n t  i n  a
Leco A nalyze r  a f t e r  i g n i t i o n  to  3000 ° F .  in  an in d u c t io n  fu rn a c e .
The r e a d in g s  o b ta in e d  f o r  e a c h  c a r b o n  d e t e r m i n a t i o n ,  a lo n g  w i t h  
t e m p e r a t u r e - p r e s s u r e  c o r r e c t i o n  f a c t o r s ,  w ere  u s e d  to  c a l c u l a t e  the  
p e r c e n t  o f  e a c h  c a r b o n  f r a c t i o n  i n  t h e  s a m p le .  P r e c i s i o n  o f  t h e s e  
m easurements was +. 5% f o r  a l l  sam ples a n a ly z e d .
6 . Compound i d e n t i f i c a t i o n :
n -A lk a n e s ,  p r i s t a n e ,  and p e ry le n e  were i d e n t i f i e d  by com parison o f  
t h e  GC r e t e n t i o n  t i m e s  and  m ass  s p e c t r a  o f  s e l e c t e d  s a m p l e s  w i t h  
a u t h e n t i c  s ta n d a r d s ,  o r  by r e t e n t i o n  tim es a lo n e  once th e  Kovats In d ic e s  
(K l)  o r  A rom atic R e t e n t i o n  I n d i c e s  (A R l)  had  b e e n  e s t a b l i s h e d  f o r  a 
p a r t i c u l a r  GC c o l u m n .  S i n c e  no a u t h e n t i c  s t a n d a r d s  o f  h o p a n o id  
m o l e c u l e s  w ere  a v a i l a b l e ,  som e i d e n t i f i c a t i o n s  w e r e  b a s e d  o n  a 
com parison o f  sample mass s p e c t r a  w i th  th o se  p u b l i sh e d  i n  th e  l i t e r a t u r e  
(Van D o r s s e l a e r ,  1975; O a s t i l l u n g ,  1976; Ensm inger, 19 7 7 ) .  In  a d d i t i o n ,  
K o v a ts  I n d i c e s  f o r  i d e n t i f i e d  compounds were c a l c u l a t e d  and u sed  f o r  
i d e n t i f i c a t i o n  o f  th e  o th e r  samples (T ab le  A 3). O th e r  i d e n t i f i c a t i o n s
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were based  on a b r a n c h e d / c y c l i c  f r a c t i o n  o f  a L o r r a i n e  c o a l  e x t r a c t  
(k in d ly  p ro v id ed  to  Dr. R. H. B ie r i  by D r. P . A lb re c h t ,  D n iv e r s i t e  Louis 
P a s te u r  de S t r a sb o u rg ,  F ra n c e ) .
Hass s p e c t r a  and GC e l u t i o n  p a t t e r n s  o f  hopanoid a c id s  p u b lish e d  by 
Van D o r s s e l a e r  ( 1 9 7 5 )  a n d  E n s m i n g e r  ( 1 9 7 7 )  w e r e  u s e d  f o r  t h e  
i d e n t i f i c a t i o n  o f  th e  a c id s .
The mass s p e c t r a  o f  hopane d e r iv a t i v e s  a re  d i s t i n c t i v e  in  t h a t  th e  
s p e c t r a  a r e  c h a r a c t e r i z e d  by an abundant ion  a t  m/e 191. They a re  th e  
m os t commonly r e c o g n i z e d  t r i t e r p a n e  s p e c t r a  t o  d a t e  i n  g e o l o g i c a l  
s a m p le s  (K imble e t  a l . ,  1974).  The two main fragm ents  (m/e 191 and m/e 
148+R) a r e  c h a r a c t e r i s t i c s  w h ich  v a r y  w i t h  s t e r e o c h e m i s t r y  o f  t h e  
c o m p o u n d  ( F i g u r e  7 ) .  H o w e v e r  f o r  c o m p o u n d s  w i t h  t h e  same 
s te r e o c h e m is t ry ,  th e  r e l a t i v e  i n t e n s i t i e s  o f  t h e s e  two m ain  f r a g m e n ts  
a r e  c h a r a c t e r i s t i c  o f  th e  p a r t i c u l a r  s t r u c t u r e .
Fragment ions  m/e 191, 149, 177, 205, 219, 2 3 3 ,  2 4 7 ,  and 261 w ere  
u s e d  f o r  t h e  i d e n t i f i c a t i o n  o f  hopanoid hydrocarbons (Van D o rs s e la e r ,  
1975; Ensminger, 1977).
H opano id  a c i d  m e th y l  e s t e r s  were i d e n t i f i e d  by fragment ions  m/e 
191, 249, 263, and 277 (Van D o rs s e le a r ,  1975).
6 5 - ,  6 a - ,  and a 6 -hopane s e r i e s  were reco g n ized  as fo l lo w s :
6 6 -hopane s e r i e s :  m/e 191 < m/e 148+R
6a “ hopane s e r i e s :  m/e 191 ~ m/e 148+R
a 6 —hopane s e r i e s :  m/e 191 > m/e 148+R
(Kimble e t  a l . ,  1974; Ensminger, 1974).
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F ig u re  7. Major mass s p e c t ro m e t r i c  f ra g m e n ta t io n s  o f  hopanoid 
m olecu les  under  e l e c t r o n  im pact.
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R and S epim ers were i d e n t i f i e d  a c c o rd in g  to  Ensminger (1 9 7 7 ) ,  th e  
f i r s t  e l u t i n g  epimer i s  22S and th e  l a s t  i s  22R,
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D. E v a lu a t io n  o f  Methodology
S i n c e  i n d i v i d u a l  h o p a n o i d  s t a n d a r d s  w e r e  n o t  a v a i l a b l e }  
q u a n t i t a t i v e  r e s u l t s  r e p o r t e d  h e r e  w ere  b a s e d  on c h o le s t a n e  and 53- 
c h o la n ic  a c i d .  The same two compounds se rv ed  to  e v a lu a te  th e  e x t r a c t i o n  
a n d  i s o l a t i o n  o f  h o p a n e s  a n d  h o p a n o i d  a c i d s .  I n  a d d i t i o n ,  2 -  
m e th y lo c tad eca n e  (2-MOD) and l , l ' ' - b i n a p h t h y l  were u s e d  a s  t h e  r e c o v e r y  
s t a n d a r d s  f o r  t h e  h e x a n e  and  to lu e n e  f r a c t i o n s .  F iv e  subsam ples o f  a 
p r e - e x t r a c t e d ,  homogenized se a -sa n d  were s p ik ed  w i th  50 micro l i t e r s  each 
o f  c h o le s t a n e ,  5 3 -c h o la n ic  a c i d ,  2 -m e th y lo c tad eca n e  and l , l ' - b i n a p h t h y l  
(1000 n g / u l ) .  The samples were p ro c e s s e d  i n  t h e  same m anner  a s  t h o s e  
f o r  th e  sed im ent sam ples .  The o v e r a l l  rec o v e ry  d a t a  f o r  th e s e  compounds 
i s  shown in  Tab le  1 .  P r e c i s i o n  v a lu e s  f o r  th e  GC a n a l y s i s  o f  h o p a n o id  
h y d r o c a r b o n s  w ere  o b t a i n e d  f ro m  i n j e c t i o n  o f  th e  branched  and c y c l i c  
a lk a n e  f r a c t i o n  from a L o r ra in e  c o a l  e x t r a c t .  The e x t r a c t ,  1 . 0  m l ,  was 
sp ik e d  w i th  c h o l e s t a n e ,  50 y g ,  b e fo re  i n j e c t i o n .  The c o n c e n t r a t i o n s  o f  
17a(H ),21g(H ) hopanes w ith  27-32 carbons in  th e  e x t r a c t  were c a l c u l a t e d  
r e l a t i v e  t o  th e  c h o le s t a n e  c o n c e n t r a t i o n .  I t  i s  n e c e s s a ry  to  p o in t  ou t  
t h a t  t h e  h o p a n e  c o n c e n t r a t i o n s  r e p o r t e d  h e r e  a r e  n o t  t h e  o r i g i n a l  
c o n c e n t r a t i o n s  p r e s e n t  i n  t h e  L o r r a i n e  c o a l  s t a n d a r d  s in c e  th e  c o a l  
e x t r a c t  a c c i d e n t a l l y  d r i e d  d u r in g  s to r a g e  o f  t h e  v i a l  i n  t h e  f r e e z e r .  
H exane was ad d ed  to  r e d i s s o l v e  th e  r e s id u e  and 100 u l  o f  th e  s o lu t i o n  
were ta k e n  and used  as  GC r e t e n t i o n  s ta n d a r d .  The r e s u l t s  a r e  p re s e n te d  
i n  T ab le  2 .
S ince  q u a n t i t a t i o n  o f  a l l  components i s  b a s e d  on t h e  a p p r o p r i a t e  
i n t e r n a l  s t a n d a r d s  s p i k e d  i n t o  t h e  s a m p le s  b e f o r e  e x t r a c t i o n ,  t h e  
re c o v e ry  d a ta  p r e s e n te d  in  T ab le  1 i s  meant to  show t h a t  th e  e x t r a c t i o n  
a n d  i s o l a t i o n  p r o c e d u r e s  u s e d  h e r e i n  p r o d u c e  a c c e p t a b l e  y i e l d s .
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TABLE 1 
O v e ra l l  compound reco v e ry .
Amount P e rc e n t  Recovery
__________ Compound  Added Mean ±%S.E.
2- M ethy loctadecane 50 yg  83±8
C h o le s tan e  50 yg 66±12
l , l ' - B i n a p h t h y l  20 yg 79±7
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R e p r o d u c i b i l i t y  o f  t h e  m e th o d  em p loyed  i s  m ore i m p o r t a n t  t h a n  t h e  
compound r e c o v e r y  y i e l d .  P r e c i s i o n  o f  t h i s  m e th o d o lo g y ,  based  on 5 
subsamplee o f  s e a - s a n d ,  was +12 % f o r  c h o le s t a n e  and +15 % f o r  c h o l a n i c  
a c i d  m e th y l  e s t e r  ( p r e c i s i o n  i s  r e p o r t e d  as +, % s ta n d a rd  e r r o r  from th e  
m ean). Recovery f o r  c h o le s t a n e  was fo u n d  to  b e  6 6  % and  f o r  c h o l a n i c  
a c id  m ethy l e s t e r  was 53 %. P r e c i s i o n  o f  th e  GC a n a l y s e s ,  based  on 6 GC 
i n j e c t i o n s  o f  th e  b ranched  and c y c l i c  a lk a n e  f r a c t i o n  from th e  L o r r a i n e  
c o a l  e x t r a c t ,  was +.2 % ( s t a n d a r d  e r r o r  o f  th e  mean) f o r  q u a n t i f i a b l e  
ho p an es .  The e r r o r  can be assumed to  be  somewhat l a r g e r  f o r  t h e  h i g h e r  
m o l e c u l a r  w eigh t compounds th a n  f o r  th e  compounds c lo s e  to  th e  s ta n d a rd  
(T ab le  2 ) .
IV. RESULTS
Twenty two s u r f a c e  s e d im e n t  sampleB from th e  Chesapeake Bay were 
examined f o r  t h e  t y p e s  and  d i s t r i b u t i o n  o f  h o p a n o id  m o l e c u l e s .  An 
e f f o r t  was made to  p r e s e n t  q u a n t i t a t i v e  as w e l l  as q u a l i t a t i v e  r e s u l t s .  
A l l  c o n c e n t r a t io n s  w ere  n o r m a l i z e d  to  o r g a n i c  c a rb o n  to  a c c o u n t  f o r  
v a r i a t i o n s  i n  s e d im e n t  c o m p o s i t i o n  from  s t a t i o n  to  s t a t i o n .  F or  
pu rposes  o f  g e n e ra l  d i s c u s s io n ,  th e  samples a re  d i v i d e d  i n t o  3 g r o u p s ;  
Sou thern  Bay, C e n t ra l  Bay and N orthern  Bay samples (F ig u re  2 ) .  Compound 
s t r u c t u r e s  a re  g iv e n  in  th e  p a r e n th e s i s  and shown i n  F i g u r e  Al i n  t h e  
Appendix.
Hopanoid hydrocarbons were i d e n t i f i e d  i n  a l l  samples from t h e  B ay. 
C o n c e n t r a t i o n s  v a r i e d  c o n s i d e r a b l y ,  b u t  a l l  samples showed m easurable  
q u a n t i t i e s  o f  h o p a n o i d  h y d r o c a r b o n s  ( T a b l e  3 ) .  T y p i c a l  g a s  
ch ro m a to g ram s  o f  h o p a n o id  h y d r o c a r b o n s ,  from s t a t i o n s  21 and 27, a re  
shown i n  F ig u re  8 .
The h o p a n o id s  w ere  d o m in a te d  by t h e  17a(H ), 218(H) hopane s e r i e s  
ran g in g  from to  ^3 5  (XXII a_c» XXIII a - e ) .  The e x te n d e d  h o p a n e s ,
C3 1 -  C2 5  w e re  p r e s e n t  a s  m i x t u r e s  o f  22S and  22R d i a s t e r e o m e r s .
173(H),2 1 8(H) Hopanes ran g in g  from C2 7  to  Cgj (XVIII a - c ;  XlX-a&b) w ere
a l s o  p r e s e n t ,  b u t  a t  lo w e r  c o n c e n t r a t i o n s .  Only a s in g l e  epimer a t  
p o s i t i o n  22 o f  th e  170(H ),210(H )“ Cgj hopane, commonly assumed to  be 22R
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F ig u re  8 . R e p r e s e n ta t i v e  gas  chromatograms o f  hopanes e x t r a c t e d  
from th e  Chesapeake Bay sed im en ts
a) s t a t i o n  21
b) s t a t i o n  27
CH: c h o le s ta n e  ( s p i k e ) ,  C g y -C ^ :  aB -hopanes,
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a&b) were i d e n t i f i e d  in  many s a m p le s .  H o p - 1 7 ( 2 1 ) - e n e  (X V II)  was t h e  
o n ly  h o p e n e  fo u n d  i n  th e  Bay sam ples, w ith  c o n c e n t ra t io n s  ran g in g  from 
0 .20  to  20 p g /g  OC (Table  3 ) .
The com position  and th e  c o n c e n t r a t io n s  o f  hopanoid a c id s  in  s u r f a c e  
sed im ents  o f  th e  Chesapeake Bay a r e  shown in  T ab le  4 .  F ig u re  9 p r e s e n ts  
t y p i c a l  g a s  chrom atogram s o f  hopanoid a c id  m ethyl e s t e r s  from s t a t i o n s  
24 and 26 . I d e n t i f i e d  hopanoid a c id s  w ere  d o m in a te d  by 1 7 6 (h )  ,216 (H) 
iso m e rs ,  ran g in g  from C ^  to  C33  (XXVII a - c )  (F ig u re  9 ) .  A l l  a c id s  were
p r e s e n t  as  a s in g le  epimer ( 2 2 R ) . The 1 7 3 ( H ) ,2 1 $ (H ) -b i s h o m o h o p a n o ic  
a c i d  (C^ 2  a c i d )  (X X V II-b)  was th e  most prom inent hopanoid a c id  in  a l l
sam ples a n a l y z e d .  Only a t r a c e  am ount o f  t h i s  a c i d  was p r e s e n t  a t  
s t a t i o n  2 3 .  No in d i c a t i o n s  o f  hopanoid a c id s  were found a t  s t a t i o n  27 . 
1 7 3 ( h ) ,21ct(H) and 17 a ( H ) , 213(H ) h o p a n o i d  a c i d s  w e r e  t e n t a t i v e l y  
i d e n t i f i e d  i n  many sa m p le s  f ro m  t h e  Bay by t h e i r  mass s p e c t r a  and GC 
e l u t i o n  p a t t e r n  (Boon e t  a l . ,  1978).
The a r e a l  d i s t r i b u t i o n  o f  t o t a l  a l i p h a t i c  h y d r o c a r b o n s  in  Bay 
samples i s  shown in  F ig u re  10. The t y p i c a l  n - a lk a n e  d i s t r i b u t i o n  l i e s  
w i t h i n  t h e  C jj  to  C ^  ra n g e ,  w i th  C^  to  C^j be ing  th e  dominant members
and Cjij o r  C^j b e ing  th e  most f r e q u e n t l y  e n c o u n t e r e d  maximum ( F i g u r e
1 1 ) .  They showed a  s t r o n g  o d d -c a rb o n -n u m b e r  p re fe re n c e  (CPI = 2 .7  -  
4 . 6 ;  Tab le  5 ) .  An e x ce p t io n  i s  s t a t i o n  27 w ith  a  CPI o f  1 .1 .  n -A lk a n e  
c o n c e n t r a t i o n s  r a n g e d  f ro m  1 0  t o  80 % (w/w) o f  t h e  t o t a l  a l i p h a t i c  
hydrocarbons in  th e  same samples (T ab le  5 ) .  For m os t s a m p le s  exam ined  
h e r e ,  th e  u n re so lv e d  complex m ix tu re  (UCM) was unim odal, c e n te re d  in  th e  
range  2900-3000 (Kovats Index) and ex ten d in g  from 1600 to  3500. Bimodal 














































O'XJNrsicNmmr-.  Ho\mff' 'CtQvOCN o
w N m csr‘t in < l® '0  d o \ N ^ o o o O  m ra r- Io  H  H  N  H  n  r t H H r t « * ! r H H  CM ^  m  CM
9  i i i i i i i i i i i i i i i i i i • i • iI **H CM
d
y 1 1 1  i i i i
ca
ca
no I I 1 I I I I I I 1 1 I I
u a> © m Q\ ©
i r i i i i i o  1 h t i i i h * 1 1 1 o  1 cmo
CM V
cn o o r s c M C M m o t n  m u co co nC_J ■ * ■ * » • • •  « o) « • «
I W i A N n c n - f O M ’ r ^ 0 % C M C M O C M O O  rs W K)
ca H  r l  N  r l  n  N H H H N C 1 H H  rH w -a- at
ca
cn
cn vT \(3 CO sXu i i i i i i - i i l l *  i • I I  * ! •




r»- cm rM m m »d h
.  * * I •  * •
O  CM CM CM r H t n O c n
cn m m o > C M  <r» O  r**o i i i i i i *!  • i i • i * i i - i : i •^  f-t *h  ©  cn .H cm a*
d
w .•h  r H m - 3 , i n \ a r - c o O  H N n i ^ s o h O ' H  c M < n * T * n * o r «
U  r-H r H r H r H i H H r W i - C C M  CM CM CM CM CM CM
03
S Xsg uaaijjnos Xeg
F ig u re  9. R e p re s e n ta t iv e  gas chromatograms o f  hopanoid a c id  
m ethyl e s t e r s  from th e  Chesapeake Bay sedim ents
a) s t a t i o n  24
b) s t a t i o n  26
a :  c h o la n ic  a c id  m ethyl e s t e r  ( s p i k e ) .
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F ig u re  10. D i s t r i b u t i o n  o f  t o t a l  a l i p h a t i c  hydrocarbons In 
s u r f a c e  sed im ents  from th e  Chesapeake Bay.
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TOTAL ALIPHATICS
l e  ppm 1 6 0  ppm I ppfc 10 ppt 100 ppt
I I  l I I
F ig u re  11. R e p re s e n ta t iv e  gas chromatograms o f  t o t a l  a lk an e  
f r a c t i o n s  Tfrom th e  Chesapeake Bay sed im ents
a) s t a t i o n  3
b) s t a t i o n  23
N -a lkanes  a re  numbered acco rd in g  to  number of 
carbons in  compound, P r :  p r i s t a n e ,  Phy: phy tane ,  
AND: a n d ro s ta n e  ( c o - in j e c t e d  s ta n d a r d ) ,
2-MOD: 2 -m ethy loc tadecane  ( s p i k e ) , CH: c h o le s ta n e  
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o f  th e  C e n t ra l  and Southern  Bay samples ( s t a t i o n s  3 ,  5 ,  13 an d  15) and 
f o r  t h e  N o r th e r n  Bay s t a t i o n  2 5 .  The UCM was h ig h  i n  s a m p le s  from 
r iv e r -m o u th  s t a t i o n s  and in  th e  N orthern  Bay sam p les .  S t a t i o n  19 a l s o  
showed a l a rg e  UCM (T able  5 ) .
T o t a l  a r o m a t i c  h y d r o c a r b o n  c o n c e n t r a t i o n s  i n  t h e  Bay s a m p l e s  
e x h i b i t e d  t h e  same t r e n d s  a s  t h o s e  o f  t o t a l  a l i p h a t i c  h y d r o c a r b o n  
c o n c e n t r a t io n s .  G e n e ra l ly ,  h igh  c o n c e n t ra t io n s  were found in  samples a t  
t h e  m ouths  o f  m a jo r  r i v e r s  and i n  t h e  N o r th e r n  Bay a re a  (F ig u re  12; 
Tab le  5 ) .  The UCM o f  th e  a ro m a tic  f r a c t i o n  was a l s o  h igh  in  s a m p le s  a t  
r i v e r - m o u t h  s t a t i o n s ,  in  a l l  o f  th e  N orthern  Bay samples and a t  s t a t i o n  
19 (T ab le  5 ) .
T a b le  3 shows t h a t  1 7 a ( H ) , 213(H) h o p a n e s  a r e  th e  most abundant 
h o p a n e s  i n  t h e  Bay s a m p l e s .  An a t t e m p t  was made t o  d e t e r m i n e  t h e  
o r i g i n s  o f  t h e s e  17ot(H ), 213(H ) hopanes . P o t e n t i a l  sources  o f  hopanes 
t h a t  a r e  in  common u s e  and c o n ta in  f o s s i l ,  f u l l y  m a tu ra ted  h o p an es  w ere  
i n v e s t ig a t e d .  These in c lu d ed  a r e g io n a l  b itum inous c o a l ,  motor o i l s  and 
a crude  o i l .  The co m p o s i t io n s  and a b u n d a n c e s  o f  t h e s e  h o p a n o id s  a r e  
shown in  T a b le  6 . H o p an o id  a c i d s  w e re  n o t  a n a l y z e d  in  any o f  th e s e  
p o s s i b l e  so u rce  m a t e r i a l s .
M ajo r h o p a n o id s  fo u n d  i n  t h e  Richmond c o a l  sam p le  w e re  of th e  
17ct(H),2lB(H)-hopane s e r i e s ,  ran g in g  from  t o  ^ 3 2  (XXII a - c ;  X X III
a&b) . The ex tended  hopanes were p r e s e n t  as  d ia s te re o m e rs ,  22R and 22S. 
173(B),21a(H)-C2g and C^q hopanes (XX a&b) w ere  a l s o  p r e s e n t ,  b u t  n o t
the  1 7 3(H ) ,2 1 3(H)-hopane s e r i e s  (XVIIX and XIX). No hopene was found in  
th e  c o a l  sample.
F ig u re  12 D i s t r i b u t i o n  o f  t o t a l  a ro m a tic  h y d rocarbons  in  
s u r f a c e  sed im en ts  from th e  Chesapeake Bay.
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TOTAL AROMATICS
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H opane c o n c e n t r a t i o n s  i n  a  L ibyan c rude  o i l  a r e  shown i n  Table 6 . 
The gas chromatogram i s  shown i n  F ig u re  1 3 .  The h o p a n o id s  c o n s i s t  o f  
17 .a(H) ,2 1 8  ( H ) - h o p a n e s  (XXXI and  X X I I l )  , w h ic h  d o m in a te d  o v e r  t h e  
l7 g (H ) ,2 1 a (H )-h o p an e  s e r i e s .  The 17(3 ( h ) ,2 1 8 (H )-hopane s e r i e s  a g a i n  was 
a b s e n t  and  so  was ho p en e .  Extended 17a(H ), 218(H) hopanes were p r e s e n t  
a s  m ix tu re s  o f  22S and 22R d i a s t e r e o m e r s . The S/R  r a t i o s  f o r  t h e s e  
e x t e n d e d  17 oc(H) ,218  (H) hopanes (C3 2 ” ^3 4  ^ were found to  be  between 1 .6
t o  1 .8  (T ab le  7 ) .
T y p ic a l  gas  chromatograms o f  fo u r  unused and one used  motor o i l  a re  
shown in  F ig u re  14 . Hopanes in  th e  unused motor o i l  (MO-1) and th e  used 
m o to r  o i l  o f  t h e  same b r a n d  (UM-1) w ere  found to  be s i m i l a r  i n  t h e i r  
com posi t ion  and c o n c e n t r a t i o n  (F ig u re  14 a&b; T a b l e  6 ) ,  I n  f a c t ,  a l l  
m o to r  o i l  s a m p le s  w ere  v e r y  s i m i l a r  i n  t h i s  r e s p e c t .  The dominant 
hopanes p r e s e n t  were th o se  o f  th e  17oc(H) ,218  (H) c o n f i g u r a t i o n  r a n g i n g  
f ro m  C2 7  to  ^ 2 9  ant* ^30 ^°P a n e 6  were th e  m ajor hopanes found in
a l l  sam ples .  Extended hopanes were p r e s e n t  as  m i x t u r e s  o f  22S and  22R 
d i a s t e r e o m e r s .  The S/R r a t i o s  f o r  ex tended  17a(H ), 218(H) hopanes (C g j-
C3 5 ) i n  m o t o r  o i l s  r a n g e d  f r o m  1 . 4  t o  2 . 2  ( T a b l e  7 ) .  Som e
1 7 8 (H) ,21 ot(H)-C2 <j and C^Qhopanes (XX a&b) were a l s o  found , b u t  a t  much
lower c o n c e n t r a t i o n s .  No t r a c e s  o f  1 7 p(H) ,218 ( H ) -h o p a n e s  (X V II I  and  
X IX ) an d  h o p e n e  w e r e  d e t e c t e d  i n  m o to r  o i l  s a m p l e s .  The ho p an e  
co m p o s i t io n  o f  m o to r  o i l s  i s  v e r y  s i m i l a r  t o  t h a t  o f  t h e  c r u d e  o i l ,  
p ro b a b ly  becau se  motor o i l s  a r e  d i s t i l l a t e  f r a c t i o n s  o f  p e tro le u m .
F ig u re  13. Gas chromatogram o f  hopanes e x t r a c t e d  from Libyan 
crude  o i l
CH: c h o le s t a n e  ( c o - i n j e c t e d  s t a n d a r d ) ,
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TABLE 7
S te re o m e r ic  r a t i o s  f o r  hopanoids i n  p o s s i b le  
s o u rc e  m a te r i a l s  and s o i l  sam ples .
S:R CoS) 8a :a 8
C31 C32 C33 C34 C35 C29 C30
Coal 1.3 1 .5 N.D. N.D. N.D. 0.15 0.25
A spha lt 1 .3 1 . 2 1.3 N.D. N.D. 0.37 0.19
Libyan crude 1 . 8 1 . 6 1 . 6 1 . 8 N.D. 0 .28 0 . 1 1
MO-X 1 . 6 1.7 1 .5 1.7 2 . 2 0.08 0.07
MO-2 1.7 1 .5 1.5 1 . 6 1 . 8 0.09 0.05
MO-3 1.5 1.7 1 .7 1 .5 2 . 2 0 . 1 0 0.05
MO-4 1.4 1.4 1 .7 1.4 1 .7 0 . 1 1 0 .05
UM-1 1 . 6 1 . 6 1 . 6 1 . 8 2 . 1 0 . 1 0 0.05
S u rfa c e  s o i l s
N o rfo lk  (N -l) 1 . 6 1.3 1 . 1 1.4 1 . 6 0.33 0.25
V i r g in i a  Beach (VB-1) 1 .3 1 .7 2 . 2 1 . 8 2 . 0 0.31 0 . 2 0
Newport News (NN-1) 1 .4 1 .7 1.9 2 . 0 1.4 0 .30 0.18
White Marsh (17—1) 1.3 1 . 6 1 .4 1.7 2 . 0 0.42 0 . 2 1
N .D .: n o t  de te rm ined
MO: unused motor o i l
UM: used  motor o i l
F ig u re  14. R e p r e s e n ta t iv e  gas  chromatograms o f  hopanes e x t r a c t e d  
from m otor o i l
a) unused motor o i l
b) u sed  motor o i l
CH: c h o le s t a n e  ( c o - i n j e c t e d  s t a n d a r d ) ,
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S ince highways a re  known c o n t r i b u to r s  o f  a ro m a t ic  p o l l u t a n t s  su c h  
a s  t h e  PAH's ( W a ib e l ,  1976; G iger and S c h a f fn e r ,  1977; Wakeham e t  a l . ,  
1980) i t  was l o g i c a l  to  an a lyze  samples r e l a t e d  to  highway u s e .  Hopane 
c o n c e n t r a t i o n s  i n  one  a s p h a l t  sample were in v e s t i g a t e d  and found to  be 
th e  h ig h e s t  o f  a l l  th e  source  m a te r i a l s  a n a l y z e d .  F i g u r e  15 p r e s e n t s  
t h e  c o m p o s i t i o n  o f  h o p a n o id s  i n  t h e  a s p h a l t  s a m p le .  1 7 a ( H ) ,2 1 6 (h ) 
H opanes  w ere  m os t p ro m in e n t  and  r a n g e d  fro m  t o  w i t h  t h e
e x t e n d e d  h o p a n e s  p r e s e n t  as  m i x t u r e s  o f  22S and 22R d i a s t e r e o m e r s  
(F ig u re  15; Table 6 ) .  The S/R r a t i o s  were found to  be 1 .2  -  1 .3  f o r  th e  
a s p h a l t  sam p le  ( T a b le  7 ) .  178(H),21o(H)-Hopanes were p r e s e n t  a t  lower
c o n c e n t r a t io n s ,  whereas no 170 ( h ) ,218 (H ) -h o p a n e s  and h o p en e  c o u ld  b e  
d e t e c t e d .  The UCM o f  t h e  a s p h a l t  e x t r a c t  e x h i b i t e d  a  b im o d a l  
d i s t r i b u t i o n  and was d i f f e r e n t  from th e  UCM o f  th e  c r u d e  o i l  and m o to r  
o i l  e x t r a c t s .
The c o n c e n t r a t io n s  and com position  o f  h o p a n o id s  i n  f o u r  r o a d s i d e  
s o i l  o r  d u s t  s a m p le s  a r e  p re s e n te d  in  Table  8 . The hopanoids in  th e s e  
samples were s im i l a r  to  th o se  found i n  m ature s o u rc e  m a t e r i a l s  su c h  a s  
c r u d e  o i l ,  m o to r  o i l  and a s p h a l t .  17ot(H), 210(h) Hopanes were dominant 
over th e  1 7 0 (H ) ,2 1 a (H )  h o p a n e s ,  and no i n d i c a t i o n  o f  1 7 0 (H ) , 2 1 0 ( h )  
h o p a n e s  o r  h o p e n e  w as o b s e r v e d  i n  t h e  s o i l  s a m p l e s .  E x te n d e d  
17a(H ) , 2 1 0 ( h )  h o p a n e s  w e r e  p r e s e n t  a s  m i x t u r e s  o f  22S and  22R 
d i a s t e r e o m e r s .  Sample 1 7 - 1 ,  c o l l e c t e d  n ea r  U .S. Route 17, showed th e  
h ig h e s t  hopane c o n c e n t r a t i o n s .  The o t h e r  t h r e e  s u r f a c e  s o i l  s a m p le s  
c o n t a i n e d  a p p r o x im a te ly  e q u a l  c o n c e n t r a t i o n s  o f  h o p a n o i d s .  A g a s  
chromatogram o f  hopanoids from a  s u r f a c e  s o i l  sample i s  shown in  F i g u r e  
16.
F ig u re  15. Gas chromatogram o f  hopanes e x t r a c t e d  from a s p h a l t
CH: c h o le s ta n e  ( c o - in j e c t e d  s t a n d a r d ) ,  
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17a-c27 ae-c29 ea-c29 
107 177 58 
66 127 40 
63 122 36 
223 317 132 
TABLE 8 
Hopanoid concentrations in surface soil samples (ug/g OC). 
aB-c30 ea-c3o ae-c31 ae-c32 all-C33 
s R s R s R 
147 37 55 34 27 21 18 16 
109 22 82 61 40 23 20 9 
104 19 89 64 50 30 30 16 




















F ig u re  16. R e p re s e n ta t iv e  gas chromatograms o f  hopanes e x t r a c te d  
from s u r f a c e  s o i l  sample (N orfo lk)
CH: c h o le s ta n e  ( c o - ln j e c t e d  s t a n d a r d ) ,
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An i n p u t  o f  f o s s i l  c o n t a m i n a n t s  f r o m  a u t o m o t i v e  t r a f f i c  i s  
su g g es ted  by F ig u re  17 a&b, which shows c o n c e n t r a t i o n s  o f  1 7 a (H ) ,2 1 3 (H )- 
Cgg and C^q h o p a n e s  i n  s o i l  s a m p le s  c o l l e c t e d  a t  f o u r  d i f f e r e n t
lo c a t io n s  away from U .S . Route 17 (T ab le  9 ) .
F i n a l l y ,  b e c a u s e  t h e  r i v e r s  f l o w in g  i n t o  t h e  Bay c a r r y  e ro d e d  
s e d i m e n t a r y  m a t e r i a l ,  a c o n t r i b u t i o n  f ro m  e r o d e d  s e d i m e n t a r y  r o c k  
d e t r i t u s  a l s o  must be i n v e s t i g a t e d .  S ince  such m a t e r i a l  i s  u n l i k e l y  to  
be m atu re  i n  a g e o lo g ic a l  s e n s e ,  i t  i s  n e c e s s a ry  to  an a ly ze  co re  samples 
in  o rd e r  to  d i s t i n g u i s h  between such an in p u t  and r e c e n t  d i a g e n e s i s  o f  
b io g e n ic  h o p an o id s .
A co re  sample (CB-002) t a k e n  f ro m  C o l o n i a l  B each  on t h e  Potom ac 
R i v e r  was a n a l y z e d  f o r  h o p a n o id  h y d r o c a r b o n s  and a c i d s .  I n d iv id u a l  
h o p a n o id  h y d r o c a r b o n  c o n c e n t r a t i o n s  a r e  show n  i n  T a b l e  1 0 .  Gas 
ch rom atogram B  o f  h opanes  a t  t h i s  co re  l o c a t i o n  a re  shown in  F ig u re  18. 
1 7 a (H ) , 213(H) Hopanes ran g in g  from Vy-] t0  C35  were reco g n ized  i n  th e  top
s e d im e n t  l a y e r .  The e x t e n d e d  hopanes were p r e s e n t  as  m ix tu re s  o f  22S 
and 22R d i a s t e r e o m e r s .  A t t h e  lo w e r  d e p t h s ,  1 7 3 ( H ) ,2 l 3 ( H ) - h o p a n e s  
(X V II I  and  XIX) were th e  dominant s e r i e s ,  w i th  1 7 6(H),2 1 $ (H)-homohopane 
( C j i )  (XlX-a) as  th e  m ajor com pound. Only a s i n g l e  e p im e r  (22R) was
p r e s e n t .  1 7 a (H ) , 216( h) Hopanes (XXII and X XIIl) were more abundant th a n  
173(H) ,21a(H )-hopanes  (XX). E x te n d e d  17a (H) ,218 ( h J - C ^  h o p a n e s  w e re
p r e s e n t  a s  a m i x t u r e  o f  d i a s t e r e o m e r s  w h e r e a s  o n l y  one  o f  t h e  
d ia s te re o m e rs  o f  a3-Cg2 hopane was found in  th e  s u b su r fa c e  s a m p l e s ,  a s
i d e n t i f i e d  by t h e  K ovats  index  (KI “ 32 8 9 ) .  Hop-17(21 ) - e n e  (XVII) was 
th e  m ajor compound in  th e s e  sam ples .  O i p l o p t e n e  (XV) was d e t e c t e d  in
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F ig u re  18. Gas chromatograms o f  hopanes e x t r a c t e d  from 
C o lo n ia l  Beach sed im ent co re  (CB-002) a - f .
n ~^28* n “^ 3 6 : ^ " i 1^  ecte<* s t a n d a r d s ,  CH: c h o le s ta n e
( s p i k e ) ,  C27~C3 5 : aB -hopanes , 1: 3<*-C2g hopane,
2: Ba-C^Q hopane , x :  B3-homohop-29(31)-ene
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a l l  s e c t i o n s  o f  t h i s  c o re ,  bu t  i t s  c o n c e n t r a t io n  was sm all  compared to  
h o p -17 (21 )-ene  (abou t 1 -  7 % o f  hop-17(21 ) - e n e :  s e e  T a b le  10 ) .  8 8 -
hom ohop-29(31 ) - e n e  was t e n t a t i v e l y  i d e n t i f i e d  i n  a l l  s e c t io n s  o f  the  
c o r e  by c o m p a r is o n  o f  t h e  m ass  s p e c t r a  w i th  t h a t  p u b l i s h e d  b y  Van 
D o rs s e la e r  (1975 ) .
H op-17(21)-ene, 17a(H),218(H)-C29 hopane, (X X II-b )  and  1 7 a ( H ) , 218
( h J -C ^ q ho p an e  (X X II -c )  w ere  h ig h e s t  a t  th e  s u r f a c e ,  b e in g  p r e s e n t  in
c o n c e n t r a t i o n s  o f  1 6 ,  11 a n d  6 v g / g  OC, r e s p e c t i v e l y .  T h e  
c o n c e n t r a t i o n s  d e c r e a s e d  r a p i d l y  i n  t h e  u p p e r  30 cm and  re m a in e d  
e s s e n t i a l l y  c o n s ta n t  a t  th e  lower d ep th s  (F ig u re  1 9 ) .  178( h ) ,218(h )-C2q
and  hopanes in c re a s e d  in  c o n c e n t r a t io n s  between th e  s u r f a c e  and the
30 cm depth  and then  a l s o  rem ained c o n s ta n t  th ro u g h o u t  t h e  r e s t  o f  t h e  
co re  (F ig u re  1 9 ) .
F ig u r e  20 p r e s e n t s  g a s  ch ro m a to g ram s o f  t h e  m e th y l  e s t e r s  o f  
h o p a n o id  a c i d s  e x t r a c t e d  from  t h e  C o l o n i a l  Beach s e d i m e n t s .  E igh t 
hopanoid  a c i d s  w ere  i d e n t i f i e d  i n  t h e  s u r f a c e  s a m p le .  A l l  s am p le s  
c o n t a i n e d  h o p a n o id  a c i d s  r a n g in g  from to  C^g* The s e r i e s  has th e
178(h ) , 218(h ) s te re o c h e m is t ry  (XXVI and XXVIl) in  a l l  c a s e s ,  w i th  o n ly  
one e p im e r  (2 2 r ) p r e s e n t .  1 7 8 ( H ) , 2 1 8 (H )-Cg2 hopanoid a c id  (XXVII-b)
was th e  major a c id  in  a l l  samples (T ab le  1 1 ) .  17a(H ) ,218 ( h ) H opanoid
a c i d s  and 1 7 8 ( h ) ,21  a(H) h o p a n o id  a c id s  were t e n t a t i v e l y  i d e n t i f i e d  in  
some s e c t i o n s  o f  t h e  c o r e  ( T a b le  11 ) by t h e i r  mass s p e c t r a  a n d  GC 
e l u t i o n  p a t t e r n .  Only one epimer (22R) o f  th e se  a c id s  was p r e s e n t .  The 
v e r t i c a l  d i s t r i b u t i o n s  o f  th e  1 7 8(H ),218 (H) a c i d s  a r e  shown in  F ig u r e
F ig u re  19 V e r t i c a l  d i s t r i b u t i o n  o f  hopanoid  hydrocarbons  
i n  t h e  sed im en t co re  a t  s t a t i o n  CB-002.
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F ig u re  20 . Gas chromatograms o f  hopanoid  a c id  m e thy l e s t e r s  
in  t h e  sed im ent c o re  a t  s t a t i o n  CB-002 ( a - f )
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Hopanoid acids identified in sediMents from core CB 002 (~g/g OC). 
Depth u6-C32 
0- 5 18.4 
30- 35 1.7 
60- 65 0.6 
90- 95 0.6 
120-125 0.8 
150-155 1.0 









88 -c32 ea-c ___],2_ aB-c 
___li ss-c33 
198.0 10.8 3.0 12.1 
20.2 11.0 N.D. 1.4 
6.3 tr N.D. 0.5 
6.0 0.3 N.D. 0.5 
9.7 0.5 N.D. 0.7 


















2 1 .  The c o n c e n t r a t i o n s  o f  a l l  a c i d s  d e c r e a s e d  r a p i d l y  b e tw e e n  the  
s u r f a c e  and a dep th  o f  30 cm.
F i g u r e  22 p r e s e n t s  g a s  chromatograms o f  th e  hexane f r a c t i o n  from 
s t a t i o n  CB-002. The t o t a l  a l i p h a t i c  hydrocarbon  c o n te n t  in  t h e  s u r f a c e  
s e d im e n t  was 3430 y g / g  OC and  d ec re ase d  to  l e s s  th an  500 y g /g  0C a t  
lower d ep th s  (T ab le  1 2 ) .  n -A lkanes  i n  t h e  s u r f a c e  sa m p le  r e f l e c t e d  a 
p redo m in an tly  t e r r e s t r i a l  p l a n t  wax in p u t  as  ev idenced  by t h e i r  odd-even 
d i s t r i b u t i o n  and  a  maximum a t  ^ “ ^ g  ( E g l i n t o n  and  H a m i l to n ,  1 9 6 3 ) .
A l g a l  r e s i d u e s  g e n e r a l l y  y i e l d  hydrocarbon  c h a in s  in  th e  ran g e  from 16 
to  19 c a r b o n s  (Han and C a l v i n ,  1 9 6 9 ;  B lum er e t  a l . ,  1 9 7 1 ) .  S u ch  
hydrocarbons  r e p r e s e n te d  o n ly  a  minor f r a c t i o n  i n  th e  sam ple.
The d i s t r i b u t i o n s  o f  n -a lk a n e s  i n  th e  d eep e r  samples a l s o  i n d i c a te d  
a  p r e d o m i n a n t l y  t e r r i g e n o u s  ( h i g h e r  p l a n t  wax) o r i g i n .  However, n -  
a lk an es  i n  th e  d eepe r  samples e x h i b i t  h ig h  c o n c e n t r a t i o n s  o f  an<*
n - C ^ ,  w h ic h  m ig h t  s u g g e s t  an  o r i g i n  f ro m  m i c r o b i a l l y  a l t e r e d  a l g a l
d e t r i t u s  (C ran w ell ,  1973; Johnson and C a ld e r ,  1973).
U nreso lved  complex m ix tu re s  (UCH) were p r e s e n t  i n  th e  s u r f a c e  la y e r  
and , to  a  l e s s e r  e x t e n t ,  i n  the  d e e p e s t  s e c t i o n  o f  th e  co re  ( T a b l e  1 2 ) .  
P r i s t a n e  was n o t  d e t e c t e d  i n  a l l  s e c t i o n s  o f  t h e  c o r e ,  w h e re a s  low 
c o n c e n t r a t i o n s  o f  phy tane  were p r e s e n t  in  th e  f i r s t  two s e c t i o n s .
T o t a l  a r o m a t i c  h y d r o c a r b o n s  a l s o  showed a drop in  c o n c e n t r a t io n  
from th e  s u r f a c e  v a lu e  o f  887 y g /g  OC to  170 Vg/g OC a t  a  d e p t h  o f  30 
cm. A g ra d u a l  in c r e a s e  in  c o n c e n t r a t i o n  w i th  d e p th  was observed  between 
60 to  150 cm. P e ry le n e  was th e  m ajor PAH in  a l l  s a m p le s  f ro m  c o r e  CB- 
002 and was found to  in c re a s e  w i th  d ep th  (T ab le  1 2 ) .  A l a rg e  UCH in  the  
a ro m a tic  f r a c t i o n  o f  th e  s u r f a c e  sample was o bserved  (T ab le  1 2 ) .
F ig u re  21. V e r t i c a l  d i s t r i b u t i o n  o f  hopanoid  a c id s  i n  th e  





























F ig u re  22. Gas chromatograms o f  hexane f r a c t i o n s  in  th e  
sedim ent co re  a t  s t a t i o n  CB-002 ( a - f )
N -a lkanes  a re  numbered acco rd in g  to  number o f  
carbons i n  compound, 2-MOD: 2 -m ethy loc tadecane  
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Hydrocarbon concen;rations in sediments from Colonial Besch, Potomac River (~g/g OC). 
Aliphatic Fraction Aromatic Fraction 
n-Alkanes 
Depth Total Total Total Total Total Total 
.....i£!L n-Alkanes Resolved· Aliphatics CPia UCM Aliphatic& Resolved Aromatics UCM 
o- 5 465 725 3429 4.6 2,704 0.14 160 887 727 
30- 35 223 373 373 6.1 0 0.60 96 170 74 
60- 65 228 392 392 5.4 0 0.58 93 133 40 
9D- 95 169 296 296 5.6 0 0.57 113 149 36 
12D-125 145 273 273 5.4 0 0.53 154 196 42 
lSD-155 276 392 441 5.4 49 0.63 175 219 44 
8 
: Carbon Preference Index from c24 to c32 


















I n  t h e  James R iv e r ,  n in e  c o re  samples were analyzed  f o r  hopano ids .  
The hopanoids i n  th e s e  sed im ents  were a g a i n  d o m in a te d  by d e g ra d e d  and 
e x t e n d e d  1 7 a ( H ) ,2 1 P ( h )  hopanes (XXII a - c ;  X X III a -e )  (Table 1 3 ) .  Both 
th e  22S and 22R d i a s t e r e o m e r s  w ere  p r e s e n t .  17B (H) ,21g (H) H opanes 
r a n g i n g  from  to  C^j w ere  e n c o u n t e r e d  in  many sam ples. 17 3(H) ,213
(H)-C2 2  Hopane was found on ly  in  two s u b su r fa c e  samples from s t a t i o n  VC-
14 ( T a b l e  1 3 ) .  H op-17 (21 )-ene  and d ip lo p te n e  were d e te c te d  i n  many o f
th e  James R ive r  c o r e s .  F ig u re  23 p r e s e n ts  gas chromatograms o f  hopanoid 
hydrocarbons in  s u r fa c e  sed im ents  o f  th e  James, s t a t i o n s  52 and 61A.
The c o m p o s i t io n  and  t h e  c o n c e n t r a t i o n s  o f  h o p a n o i d  a c i d s  i n  
s e d im e n t s  from  th e  Jam es  a r e  shown i n  T a b le  14. I d e n t i f i e d  hopanoid 
a c id s  w ere  d o m in a te d  by t h e  e x te n d e d  17 8(H) ,21(5 (H) h o p a n o id  a c i d s ,  
r a n g i n g  from  to  (XXVII a - c )  ( F i g u r e  2 4 ) .  A s in g le  epimer a t
p o s i t i o n  22 (22R) was p r e s e n t  f o r  a l l  th e s e  a c i d s .  The 1 7 g ( H ) ,2 1 $ ( h ) -  
C^ 2  h o p a n o id  a c i d  (XXVII-b) was th e  dominant a c id  i n  a l l  sam ples .  The
h ig h e s t  hopanoid ac id  c o n c e n t r a t io n s  in  th e  s u r fa c e  sedim ents  were found 
a t  s t a t i o n  70 and th e  lo w es t  a t  s t a t i o n  61A.
I n d iv id u a l  h o p a n o i d s ,  l i k e  t h o s e  o f  t o t a l  a l i p h a t i c s  and  t o t a l  
a r o m a t i c s  ( T a b le  15 ; F i g u r e  2 5 ) ,  show no obvious t r e n d  w ith  depth  in  
th e se  c o r e s .  A lthough th e  c o n c e n t r a t io n s  v a r y  w i th  d e p t h ,  t h e y  do so 
e r r a t i c a l l y  (F ig u re  2 6 ) .  T h is  i s  c o n s i s t e n t  w ith  Pb-210 d a ta  (T ab le  16) 
f o r  s t a t i o n  15C and t h o s e  r e p o r t e d  by G o ld b e rg  e t  a l .  (1 9 7 8 )  w hich  
i n d i c a t e  t h a t  t h e s e  s e d im e n ts  h a v e  b e e n  d i s tu rb e d  by b io tu r b a t io n  o r  
p h y s i c a l  m ix in g .  The Pb -210  d a t a  f o r  t h e  s e d im e n t  c o r e  f r o m  t h e  
C o l o n i a l  Beach (CB-002) a r e  a l s o  p re se n te d  in  Table 16. A summary o f  
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F ig u re  23. R e p re s e n ta t iv e  gas chromatograms o f  hopanes e x t r a c te d  
from th e  James R iv e r  s u r f a c e  sed im ents
a) s t a t i o n  52
b) s t a t i o n  61A
CH: c h o le s ta n e  ( s p i k e ) ,  aP -hopanes ,
1: Pa-C^g hopane, 2 :  Pa-C^Q hopane.
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F ig u re  24 . R e p re s e n ta t iv e  gas  chromatograms o f  hopanoid  a c id  
m ethyl e s t e r s  from th e  James R iv e r  sed im en ts
a) s t a t i o n  15C (60-70 cm)
b) s t a t i o n  J2 .2  (0 -10  cm)
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F ig u re  25. V e r t i c a l  d i s t r i b u t i o n s  o f  hydrocarbons in  t h r e e  
s e l e c t e d  sedim ent co re s  from th e  James R ive r
a) t o t a l  a l i p h a t i c  hydrocarbons
b) t o t a l  a ro m a tic  hydrocarbons .
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F ig u re  26. V e r t i c a l  d i s t r i b u t i o n s  o f  hopanoids  in  t h r e e  
s e l e c t e d  sed im en t c o re s  from th e  James R iv e r
a) hopane
b) h o p -1 7 (2 1 )-en e
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210Pb a c t i v i t y  in  sedim ent co res  frgm 
C o lo n ia l  Beach and th e  James R iver
Depth A c t i v i t y
 S ta t io n   (cm) (cpm)
CB002 0 - 5  1 .9+0 .2
(C o lo n ia l  Beach)
30- 35 0.74+0.07
60- 65 1 .23+0.17
90- 95 1 , 24±0.11
150-155 1 . 18±0.21
15C 0 -  10 2 .5+0.25
(James R ive r)
20- 30 2 .4±0 .2
40- 50 2 .710 .2
60- 70 2 .6 1 0 .2
210*: Pb a n a l y s i s  was perform ed by Mr. M. Koide,
S c r ip p s  I n s t i t u t i o n  o f  Oceanography, San Diego, 
C a l i f o r n i a .
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A n a ly s e s  o f  hopanoids in  s u r f a c e  sed im en ts  from th e  Chesapeake Bay 
c l e a r l y  i n d i c a t e  1 7 a (H ), 218 ( h ) hopanes as  dominant compounds ( T a b l e  3 ) .  
a 8 - H o p a n e s  a r e  known to  be abundant i n  f o s s i l  m a t e r i a l s .  So f a r ,  th ey  
have n eve r  been  i d e n t i f i e d  in  l i v i n g  o rg an ism s .  G e o lo g ic a l  e v i d e n c e  a s  
w e l l  a s  l a b o r a t o r y  e x p e r i m e n t s  s u g g e s t  t h a t  cc@ - h o p a n e s  a r e  
therm odynam ically  more s t a b l e  th a n  t h e i r  83 -  c o u n t e r p a r t s  an d  d e r i v e  
f ro m  t h e  l a t t e r  v i a  an  a c i d  c a t a ly z e d  i s o m e r iz a t io n  d u r in g  m a tu ra t io n  
(Ensminger e t  a l . ,  1973; Van D o r s s e la e r ;  1974 ) .  The r e c e n t  f i n d i n g  o f  
s m a l l  am oun ts  o f  aft - h o p a n e s  i n  u n c o n t a m in a t e d  r e c e n t  muds from two 
ponds n e a r  S t r a s b o u rg ,  F rance  (Rohmer e t  a l . ,  1 9 8 0 ) ,  h o w e v e r ,  s u g g e s t s  
t h a t  aS -h o p a n e s  can a l s o  evo lve  from m i c r o b ia l ly  induced i s o m e r iz a t io n  
r e a c t i o n s .  There i s  a wide range  o f  s ed im en ta ry  m a t e r i a l  between r e c e n t  
and f o s s i l  s t r a t a  t h a t  a l l  c o n ta in  v a ry in g  amounts o f  aS -h o p a n e s .
In  o rd e r  to  u n d e rs ta n d  th e  o r i g i n  o f  h o p a n o id s  i n  C h e s a p e a k e  Bay 
s e d im e n t s  one canno t j u s t  c o n c e n t r a te  on a $ -h o p a n e s .  One must d is c u s s  
as  a f i r s t  s te p  t h e i r  r e l a t i o n  to  a l l  o t h e r  h o p a n o id s  p r e s e n t  i n  t h e  
s a m p le s  and  com pare  t h i s  i n f o r m a t io n  to  known c h a r a c t e r i s t i c  hopanoid 
d i s t r i b u t i o n s  in  f u l l y  m a tu r a t e d ,  u n m a t u r a t e d  and r e c e n t  s e d im e n ta r y  
e n v i r o n m e n t s .  T h e se  c h a r a c t e r i s t i c  d i s t r i b u t i o n s  can be summarized as 
f o l l o w s :
114
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F u l l y  m a t u r a t e d  so u rces  o f  hopanoids always c o n ta in  only  th e  more 
s t a b l e  1 7 a ( H ) ,2 1 6 ( H ) - h o p a n e s  r a n g i n g  from  C^  t o  w i th  p o s s i b l y
t r a c e s  o f  1 7 3 ( H ) ,2 1 a ( H ) - h o p a n e s ,  w h e re a s  1 7 3 ( H ) ,2 1 3 (H ) -h o p a n e s  a re  
a b s e n t .  H ow ever, t r a c e  am oun ts  o f  1 7 g ( H ) -C 2 y  may b e  p r e s e n t  i n
m a t u r a t e d  s o u r c e  r o c k s  and  p e t r o l e u m .  The e x te n d e d  1 7 a ( H ) , 213(H )- 
h o p a n e s  ( C ^ j -  C ^ )  a r e  a lw a y s  p r e s e n t  as  m i x t u r e s  o f  22S an d  22R
d ia s te re o m e r6 . S e i f e r t  and Moldowan (1980) de term ined  th e  S/R r a t i o  f o r  
c rude o i l s  and bitumen to  be in  th e  range  o f  1 .4  t o  1 . 6 ,  m e a su re d  w i th  
b a s e l i n e  GC r e s o l u t i o n .  O ther i n d i c a to r s  o f  m a tu r i ty  a re  th e  d e c re a s in g  
(17 3 ,2 1 a ) /(1 7 a ,2 1 6 )  hopane and ( 1 7 6 /1 7 a ) -C 2 y  h o p an e  r a t i o s  ( S e i f e r t ,
1978).  The (173 ,2 1 a ) / (1 7 a ,2 1 8 )  hopane r a t i o s  a re  t y p i c a l l y  < 6 % and no 
more than  15 % in  p e tro leu m  and in  bitumen from o i l  producing  fo rm ations  
( S e i f e r t  and  Moldowan, 1980).  A nalyses o f  hopanoids in  s e v e r a l  m ature 
so u rce  m a t e r i a l s ,  f o r  example one crude  o i l  and f i v e  m o to r  o i l  s am p le s  
( T a b l e  6 )  c o n f i r m  t h e s e  o b s e r v a t i o n s .  A l th o u g h  th e  S/R  r a t i o s  f o r  
ex tended  aS-hopanes ( C ^  to  C^,.) i n  th e  analyzed  so u rce  m a te r i a l s  range
f ro m  1 .3  t o  2 .2  ( T a b l e  7 ) ,  as  de term ined  from GC peak a r e a s ,  th e  h igh  
r a t i o s  in  g e n e ra l  were de term ined  on p e a k s  o f  low c o n c e n t r a t i o n  ( C3 5 )
and th u s  a r e  n o t  as  r e l i a b l e .
T race  amounts o f  hopanoid a c id s  may be  p r e s e n t  in  p e t r o l e u m  w i th  
aS  “ , S 3 -  and 8 a -  c o n f i g u r a t i o n s  ( S c h m i t t e r  e t  a l . ,  1 9 7 8 ) .  The
p re sen ce  o f  6 6 “hopanoid  a c id s  in  m a tu ra te d  hopanoid  sa m p le s  i n d i c a t e s  
t h a t  i s o m e r i z a t i o n  o f  a c i d s  i s  s lo w e r  t h a n  t h a t  o f  th e  hydrocarbons 
(Ensminger, 1977 ) .  A g a in ,  e x te n d e d  1 7 a ( h ) , 2 1 8 ( h ) and 176(H) ,21of ( h ) 
hopanoid a c id s  (Cgg- C34^ a r e  Pr e s e n t  as  m ix tu re s  o f  two epimers a t  C-22
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i n d i c a t i n g  h ig h  d e g r e e  o f  m a t u r a t i o n .  The S /R  r a t i o  f o r  e x t e n d e d  
hopanoid a c i d s ,  however, i s  always l e s s  th an  t h a t  o f  hydrocarbons in  the  
same sample (Ensm inger, 1977).
R e c e n t  in p u t ,  on th e  o th e r  hand, c o n s i s t s  m ain ly  o f  hopanes o f  the  
17 6 (H ) , 2 1 6 (H ) s t r u c t u r e  t y p e  i n  t h e  r a n g e  b e t w e e n  C^y t o  •
C o n c e n tra t io n w ise ,  th e se  g g -hopanes  may be overpowered by 176(H),216(H) 
hopanoid a c id s  and by hop-17 (21 )-ene  o r  d ip lo p te n e .  The bishomohopanoic 
a c i d  (X X X III) commonly i s  dominant in  r e c e n t  sed im ents  (E g l in to n
e t  a l . ,  1975; Boon e t  a l . ,  1 9 7 8 ;  S im o n e i t  e t  a l . ,  1 9 7 9 ;  S im o n e i t  and  
K a p la n ,  1 9 8 0 ) .  At p r e s e n t ,  b ac te r io h o p an e  p o ly o ls  (XXXII) a re  b e l ie v e d  
to  be th e  p rim ary  p r e c u r s o r s  o f  th e se  n a t u r a l  hopanoidB (Rohmer e t  a l . ,  
1 9 8 0 ) .  I n  t h e  s tu d y  o f  h o p a n o id s  i n  r e c e n t  sed im ents  from two ponds 
n e a r  S t r a s b o u r g ,  F r a n c e ;  Rohmer e t  a l .  (1 9 8 0 )  i s o l a t e d  a s u i t e  o f  
i n t e r m e d i a t e  compounds w ith  Cjy and C jg- ca rbon  atoms w ith  s e v e ra l
f u n c t i o n a l  g roups ,  i . e . ,  a c id s  and a lc o h o ls  which a r e  though t t o  be th e  
o x i d a t i o n  p r o d u c t s  o f  au toch thonous b a c te r io h o p a n e  p o ly o l s .  Hopanoids 
o f  th e  aB - c o n f i g u r a t i o n  may b e  p r e s e n t  i n  t r a c e  am oun ts  i n  r e c e n t  
sed im ents  (Rohmer e t  a l . ,  1980).
In  more evolved  sed im en ts ,  th e  whole s e r i e s  o f  hopanes and hopanoid 
a c id s  ran g in g  from th o se  which a re  c h a r a c t e r i s t i c  o f  r e c e n t  sedim ents to  
t h o s e  o f  m a t u r a t e d  f o s s i l  h o p a n e s  may b e  e n c o u n t e r e d .  aB -H o p a n e s  
u s u a l l y  a r e  p r e d o m in a n t  o v e r  th e  6 and 8 6 -h o p an es .  Extended a 3 -  
hopanes ag a in  c o n s i s t  o f  m ix tu re s  o f  22S and 22R ep im ers .  H owever, t h e  
S/R r a t i o s  a r e  u s u a l ly  l e s s  th an  one .  H op-17(21)-ene has  been found in  
many immature sed im ents  and s h a l e s  (T an  H o r s s e l a e r ,  1 9 7 5 ;  E n s m in g e r ,  
1 9 7 7 ) .  Hopanoid a c id s  in  sed im en ta ry  d e p o s i t s ,  ran g in g  from to
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w i t h  63” , a3 -  a n d / o r  3 a -  c o n f i g u r a t i o n ,  a r e  p r e s e n t  i n  h i g h e r  
c o n c e n t r a t i o n s  t h a n  i n  p e t r o l e u m .  H ow ever,  o n ly  one  e p im e r  o f  the  
ex tended  a 3- and 3 a -  c o n f i g u r a t i o n s  i s  g e n e r a l l y  fo u n d  i n  im m atu re  
sed im en ts  (Ensm inger, 1977 ) .
The p r e s e n c e  o f  h o p a n o id  m o l e c u l e s  i n  t h e  Bay s a m p le s  and  t h e  
q u e s t i o n  o f  t h e i r  o r i g i n  w i l l  now b e  v ie w e d  i n  t h e  l i g h t  o f  t h e s e  
c r i t e r i a ,  a s  w e l l  as  w i th  o t h e r  in fo rm a t io n  t h a t  i s  a v a i l a b l e  f ro m  th e  
d a t a .
F i r s t ,  we n o te  t h a t  h ig h e s t  c o n c e n t r a t i o n s  o f  1 7 a (H ),2 l3 (H )-hopanes  
a r e  fo u n d  in  samples from r i v e r  mouths (F ig u re  27 ; T ab le  1 7 ) .  T h is  can 
be i n t e r p r e t e d  as  ev id en ce  t h a t  th e s e  r i v e r s  a r e  so u rc e s  o f  a 3 -h o p a n e s ,  
e s p e c i a l l y  s i n c e  t h e  a m o u n t  o f  o r g a n i c  c a r b o n ,  t o  w h i c h  t h e  
c o n c e n t r a t i o n s  a r e  n o rm a l iz e d ,  p a r a l l e l s  th e  c o n c e n t r a t i o n  t r e n d s  (T ab le  
5 ) .  A d d i t i o n a l  su p p o r t  f o r  t h i s  c o n c lu s io n  w i l l  come from a d i s c u s s io n  
o f  th e  James R ive r  sam ples .
Hopanoid a c id s  o f  a 3 - c o n f i g u r a t i o n  were i d e n t i f i e d  in  about 1 /3  o f  
t h e  s a m p l e s .  U n l ik e  t h e  a8 - h o p a n e s ,  t h e y  a r e  n o t  c l e a r l y  m o re  
c o n c e n t r a t e d  a t  t h e  m o u th s  o f  r i v e r s  ( F ig u r e  28; T ab le  4 ) .  There i s  
o n ly  one c a se  where a r e l a t i v e  c o n c e n t r a t i o n  maximum c o in c id e s  w i t h  t h e  
p r e s e n c e  o f  a r i v e r  ( t h e  P a t u x e n t ) ,  and  t h i s  o c c u r r e n c e  may b e  a 
c o in c id e n c e .  In  a d d i t i o n  to  a3~ hopano id  a c i d s ,  a few sed im en t s a m p le s  
a l s o  c o n t a i n  s m a l l  amounts o f  3a -hopano id  a c i d s .  In  b o th  c a s e s ,  on ly  
one epim er a t  was p r e s e n t ,  which in d i c a t e s  t h a t  th e s e  ct3~ and  3 a”
h o p a n o id  a c i d s  a r e  u n r e l a t e d  t o  th e  f u l l y  m a tu ra te d  m a t e r i a l  t h a t  may 
p ro v id e  th e  a 3 -h o p a n e s .  The a d d i t i o n a l  f a c t  t h a t  3 3 - C ^  hopanoid  a c id
i s  th e  m ajor t r i t e r p e n o i d  a c i d  in  a l l  samples and i s  10 to  20 t im es  more
F ig u re  27. D i s t r i b u t i o n  o f  t o t a l  f o s s i l  hopanes in  s u r f a c e  
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F ig u re  28 . D i s t r i b u t i o n  o f  t o t a l  hopanoid  a c id s  i n  s u r f a c e  
sed im ents  from th e  Chesapeake Bay.
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c o n c e n tra te d  than  th e  co rrespond ing  a c i d  (w h ere  t h e  l a t t e r  i s
a v a i l a b l e  f o r  such a comparison) p o in t s  in  th e  same d i r e c t i o n .
The absence o f  f u l l y  m a t u r a t e d  h o p a n o id  a c i d s  and t h e  d o m in a n t  
p r e s e n c e  o f  “ P -h o p an es ,  two f a c t s  t h a t  seem to  c o n t r a d i c t  each o th e r ,  
can be r e c o n c i le d  i f  one can id e n t i f y  a m a tu ra ted  source  o f  hopanes t h a t  
i s  d e v o i d  o f  h o p a n o i d  a c i d s  o r  c o n t a i n s  t h e  l a t t e r  i n  o n ly  t r a c e  
amounts. P e tro leum  i s  known to  be such a source  ( S e i f e r t ,  1975) and  as  
a  c o n s e q u e n c e ,  h o p a n e - c o n t a i n i n g  d e r i v a t i v e s  such aB motor o i l s ,  some 
a s p h a l t s  and  b u n k e r  C o i l s  w i l l  a l s o  h a v e  t h i s  c h a r a c t e r i s t i c .  
M a tu r a t e d  c o a l  and Bedimentary rocks  a re  l i k e l y  to  c o n ta in  s u b s t a n t i a l  
amounts o f  a c id s  (Ensminger, 1977).
For a pe tro leum  r e l a t e d  o r i g i n  ( in c lu d in g  o i l s  and o i l  contam inated  
s o i l s )  a fJ -hopanes  f ro m  Cgy t o  s h o u ld  be p r e s e n t ,  w i th  ep im er
r a t i o s  S/R ~ 1 . 4  f o r  e x te n d e d  h o p a n e s .  The d a t a  i n  Tables 3 and 19 
c l e a r l y  do n o t  confo rm  to  t h e s e  e x p e c t a t i o n s ,  i n d i c a t i n g  o t h e r  t h a n  
f u l l y  m a t u r a t e d  a@ -hopane  com ponen ts  t o  be s u b s t a n t i a l .  With few 
e x c e p t io n s ,  th e  f u l l  range  o f  otg -hopanes i s  only  fo u n d  i n  r i v e r  mouth 
s a m p l e s .  I n  m ost c a s e s ,  t h i s  i s  a s e n s i t i v i t y  p ro b le m ,  s i n c e  th e  
c o n c e n t r a t io n s  d e c r e a s e  w i th  i n c r e a s i n g  c a r b o n  num ber.  Most o f  t h e  
d i s a g r e e m e n t  i s  i n  t h e  S/R r a t i o s  f o r  homohopane ( C ^ ) ,  which d e v ia te
s u b s t a n t i a l l y  from th o se  i n  o i l .  Two e x p la n a t io n s  can  be o f f e r e d :  t h e  
lo w e r  r a t i o s  a r e  t h e  r e s u l t  o f  an a d m ix tu r e  o f  immature sed im entary  
d e t r i t u s  w ith  S/R r a t i o s  c lo s e  to  o r  l e s s  than  u n i ty  an d /o r  they  a re
a c o n s e q u e n c e  o f  t h e  a d d i t i o n  o f  pu re  R isom er.  Sedimentary d e t r i t u s  
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iB c l o s e  t o  z e ro ,  would r e q u i r e  r e l a t i v e l y  la rg e  amounts o f  m a te r i a l  to  
be  added to  s i g n i f i c a n t l y  a f f e c t  th e  r a t i o  o f  homohopane ep im ers  i n  t h e  
s e d i m e n t s .  S i m i l a r  to  th e  o b s e rv a t io n s  on aB -hopanes ,  hopanoid a c id s  
shou ld  be h ig h e r  in  samples c o l l e c t e d  a t  r i v e r  m o u th s .  T h i s ,  h o w e v e r ,  
h a s  b e e n  found no t to  be a pronounced e f f e c t  as m entioned e a r l i e r .  The 
more l i k e l y  p o s s i b i l i t y  would then  be t h e  a d m ix tu r e  o f  p u r e  R i s o m e r .  
T h i s  demands t h a t  aB-homohopane i s  g e n e ra te d  v i a  some r a p id  d ia g e n e t i c  
p ro cess  from r e c e n t  hopanoid i n p u t .  D e c a r b o x y l a t i o n  o f  t h e  a b u n d a n t  
33 - b is h o m o h o p a n o ic  a c i d ,  f o l l o w e d  by i n  s i t u  i s o m e r iz a t io n  o f  6 8 -  
homohopane t o  aB -hom ohopane  w ould  p r o v i d e  su c h  a m e ch an ism . The 
H u t te n h e im  and  R o b e r t s a u  muds (Rohmer e t  a l . ,  1980) sugges t t h a t  th e se  
p ro c e s s e s  a re  p o s s i b l e  u n d e r  p r o p e r  e n v i r o n m e n ta l  c o n d i t i o n s ,  w h ich  
i n c l u d e  g e n e r a l l y  re d u c in g  c o n d i t io n s  and m ic ro b io lo g ic a l  i s o m e r iz a t io n  
a s  a f a s t  p r o c e s s  t o  r e p l a c e  a c i d  c a t a l y s i s  f o r  t h e  6 3 -  t o  <*6 -  
t r a n s i t i o n .  S ince and C3 3  hopanoid a c id s  a re  p re s e n t  in  much lower
c o n c e n t r a t io n s  (T ab le  4 ) ,  o n ly  th e  S/R r a t i o  i s  a f f e c t e d ,  a l t h o u g h
a n a lo g u e  r e a c t i o n s  would a l s o  occur f o r  th e  83 and ^ “ **33 a c i d s .
I t  i s  i n t e r e s t i n g  to  n o te  t h a t  th e  S/R r a t i o  in  s o i l  sam ples  ( T a b le
7) do no t  show t h i s  d i l u t i o n  e f f e c t .
S u b s ta n t i a l  d i s a g r e e m e n t  w i th  e x p e c t a t i o n s  a l s o  e x i s t s  f o r  t h e  
(17 3 ,21a ) / ( 1 7 a , 2 l 8 )  and hopane r a t i o s .  In s te a d  o f  r a t i o s  t h a t
t y p i c a l l y  a re  <6 % i n  c ru d e  o i l s  and b i tu m e n  ( S e i f e r t  and  Moldowan, 
1980) th e se  r a t i o s ,  where they  have been determ ined  in  Bay sam ples, w ith  
few e x ce p t io n s  a re  >20 %. Such a  r e s u l t  would r e q u i r e  a s o u r c e  o f  3 a -  
h o p a n e s  i n  t h e  s e d im e n t s  o t h e r  t h a n  t h a t  from  p e t r o l e u m  p r o d u c t s .
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However, s i n c e  ( 1 7 B , 2 1 a ) / ( 1 7 a , 218 )  h o p an e  r a t i o s  f o r  L ib y a n  c r u d e ,  
R ichmond c o a l  and a s p h a l t  a r e  a l s o  un reasonab ly  h igh  (T ab le  6 ) ,  one i s  
tempted to  s u sp e c t  t h a t  the  peaks i d e n t i f i e d  as and C^q h o p an es
i n  a d d i t i o n  c o n t a i n  s o m e t h i n g  e l s e .  I n  s e d i m e n t  s a m p l e s ,  
s u p e r i m p o s i t i o n s  o f  pa ” ^29 k °P an e  w i t h  h o p - 1 7 ( 2 1 ) - e n e  and  8a “ C^q
h o p an e  w i t h  gp-C jg  hopane  ( F ig u r e  8 a&b) a lso  c r e a t e  some r e s o lu t i o n
problem in  i n t e g r a t i o n  o f  th e se  compounds w h ich  c o u ld  h av e  c a u s e d  th e  
o b s e r v e d  d i s c r e p a n c ie s .  A lthough hop-17(2 1 ) -e n e  and BB-Cjg hopane a re
no t supposed to  be p r e s e n t  in  c rude o i l ,  F ig u re  14 shows th a t  t h e r e  a r e  
some o t h e r  compounds superimposed w ith  th e  Ba-hopanes. The (17B /17a)-  
C^y r a t i o  i s  n o t  u s a b le  as  an in d i c a to r  f o r  th e  in p u t  o f  f o s s i l  h o p an es
t o  r e c e n t  s e d im e n t s  because  o f  th e  h igh  c o n t r i b u t i o n  o f  r e c e n t  178( h) -
A lth o u g h  t h e  d i s t r i b u t i o n  o f  a p -h o p a n e s  i n  s e d im e n t  s am p le s  
d e v ia te s  in  some a s p e c ts  from th e  c h a r a c t e r i s t i c s  o f  m a tu ra ted  m a te r i a l ,  
t h e s e  d i s c r e p a n c i e s  can  be  u n d e r s to o d  to  r e s u l t  from an adm ixture  o f  
r e c e n t  hopanes and p e t r o l e u m  and i t s  d e r i v a t i v e s .  F o r  e x a m p le ,  th e  
r a t i o  o f  r e s o l v a b l e  to  t o t a l  a l i p h a t i c  hydrocarbon c o n c e n t r a t io n  i s  an 
i n d i c a t o r  f o r  th e  p r e s e n c e  o f  p e t r o l e u m ,  even  t h o u g h  t h e  CPI may 
i n d i c a t e  b i o s y n t h e s i z e d  m a t e r i a l .  Aromatic hydrocarbons , in  g e n e r a l ,  
a r e  no t  b io s y n th e s iz e d  and where they  a re  p r e s e n t ,  th e y  a r e  l i k e l y  th e  
r e s u l t  o f  some p o l l u t in g  e v e n t .  This s i t u a t i o n  i s  somewhat com plica ted  
by t h e  f a c t  t h a t  t h e r e  a r e  two m a jo r  t y p e s  o f  s o u r c e s  o f  a r o m a t i c  
hydrocarbons: one t h a t  o r i g i n a t e s  from geochem ical p ro cesse s  and ano th e r  
t h a t  i s  sy n th e s iz e d  in  h igh  te m p era tu re  environm ents  (com bus t ion ) .  Only
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t h e  fo rm e r  r e l a t e s  t o  h o p a n e s .  However, in  a f i r s t  app rox im ation , the  
r e s o lv a b le  to  t o t a l  a rom atic  hydrocarbon c o n c e n t r a t i o n  r a t i o  a g a i n  can 
b e  u s e d  a s  an  i n d i c a t o r  o f  p e t r o l e u m .  T a b le  17 shows t h a t  b o th  
i n d i c a t o r s  c a n  be t a k e n  a s  s u p p o r t i v e  e v i d e n c e  t h a t  t h e s e  s a m p l e s  
c o n ta in  pe tro leum  o r  pe tro leum  r e l a t e d  p ro d u c ts .
P e tro leum  in  th e  Chesapeake Bay i s  l i k e l y  to  o r i g i n a t e  from b o a t in g  
a c t i v i t i e s ,  ru n o f f  from land and in t r o d u c t i o n  v ia  sewage t re a tm e n t  p la n t  
o u t f a l l s .  Four p o s s ib le  types  o f  c o n t r i b u to r s  o f  17a(H ), 213(H) h o p an es  
to  Chesapeake Bay sedim ents  have been examined and a re  shown in  Table 6 .  
Of th e s e ,  motor o i l  i s  an im p o r t a n t  p o t e n t i a l  s o u r c e ,  a s  i t  i s  b e in g  
u s e d  i n  l a r g e  q u a n t i t i e s  i n  au tom ob ile  and m arine e n g in e s .  Hopanoids 
f ro m  m o to r  o i l s  can  e n t e r  t h e  Bay i n  d i f f e r e n t  w a y s .  B o a t s  w i t h  
o u tb o a r d  m o to r s  u s e  a m i x t u r e  o f  g a s o l in e  and o i l  as f u e l  and most o f  
th e  o i l  i s  d isch a rg e d  w i th  th e  exhaust in to  th e  w a te r .  Used m o to r  o i l s  
f rom  a u t o m o b i l e s ,  a l t h o u g h  i t  i s  i l l e g a l ,  may be  d is c a rd e d  in to  th e  
environm ent and reac h  th e  Bay v i a  r u n o f f ,  o r  i t  may be dumped i n t o  a 
d r a i n a g e  s y s te m ,  from  w here  i t  w i l l  e v e n t u a l l y  reac h  th e  Bay. Motor 
o i l s  c o u ld  t h e n  p r o v i d e  a c o n c e n t r a t e d  s o u r c e  o f  h o p a n e s  to  r e c e n t  
s e d i m e n t s .  I n  r u r a l  a r e a s ,  u sed  motor o i l s  have been commonly sprayed  
on d i r t  roads  and p r i v a t e  driveways to  a c t  as a  b in d e r  f o r  s t r e e t  d u s t .  
The p r a c t i c e  h a s  p r o b a b ly  n o t  y e t  b e e n  abandoned a l t o g e t h e r .  A gain , 
such p r a c t i c e s  w i l l  add f o s s i l  hopanes to  s u r fa c e  s o i l s  and i n  t h e  end 
c o n t r i b u t e  f o s s i l  m o l e c u le s  t o  Bay s e d im e n ts  v i a  n a t u r a l  r u n o f f  from 
la n d .
The s i g n i f i c a n c e  o f  a s p h a l t  a b ra s io n  from highways as an im portan t 
c o n t r i b u t o r  to  t h e  PAH c o n t e n t  o f  l a k e  s e d im e n t s  h a s  b een  shown by
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Wakeham e t  a l .  ( 1 9 8 0 ) .  A s p h a l t  p a r t i c l e s  and s t r e e t  d u s t  c o u l d  
t h e r e f o r e  a l s o  be c o n t r i b u t o r s  o f  f o s s i l  hopanes to  t h e  Bay. There i s  a 
c o n c e n t r a t i o n  g r a d i e n t  o f  hopanes i n  Boil  samples c o l l e c t e d  a t  d i f f e r e n t  
d i s t a n c e s  away f rom a m a j o r  h ighw ay  ( U .S .  R o u te  1 7 )  ( F i g u r e  1 7 ) ,  
s u g g e s t i n g  t h a t  t h e  i n p u t  o f  hopanoids  to  s u r f a c e  s o i l s  i s  r e l a t e d  to  
highway u s a g e .  H o p an o id s  i n  r o a d s i d e  s o i l s  o r  d u s t s  c o l l e c t e d  o f f  
a s p h a l t - s u r f a c e d  h ig h w a y s  and c e m e n t - s u r f a c e d  s t r e e t s  show s i m i l a r  
c o n c e n t r a t i o n s  and com posi t ion  (Tab le  8 ) .  The bimodal UCM i n  F i g u r e  16 
may r e f l e c t  a s u p e r i m p o s i t i o n  o f  a s p h a l t  a b r a s i o n  p r o d u c t s  and o i l  
exhaus t  from motor v e h i c l e s  in  samples c o l l e c t e d  o f f  a s p h a l t - s u r f a c e d  
h i g h w a y s .  For  s a m p le s  c o l l e c t e d  n e a r  cem e n t - s u r fa c e d  s t r e e t s ,  i t  i s  
co n ce iv ab le  t h a t  t h e  b io d e g ra d a t i o n  and w ea the r ing  o f  m o to r  o i l s  would  
p r o d u c e  a h o p a n o i d  c o m p o s i t i o n  s i m i l a r  t o  t h a t  f o u n d  i n  a s p h a l t .  
A l t e r n a t i v e l y ,  th e s e  cem en t- su r faced  s t r e e t s  could  have been pav ed  w i t h  
a s p h a l t  b e f o r e  they  were r e c o n s t r u c t e d .  The p robab le  mode o f  t r a n s p o r t  
f o r  s t r e e t  d u s t  and t h e  a s s o c i a t e d  f o s s i l  h o p a n e s  t o  t h e  Bay i s  v i a  
s to rmwater  r u n o f f ,  fo l lowed by t r a n s p o r t  as  r i v e r  and s tream p a r t i c u l a t e  
m a t t e r .  Although e o l i a n  t r a n s p o r t  i s  a l s o  p o s s i b l e ,  i t  i s  p r o b a b l y  
s h o r t  r a n g e .
Table 18 c l e a r l y  shows t h a t  the  James R ive r  i s  an im p o r ta n t  s o u r c e  
o f  a f t - h o p a n e s  i n t o  t h e  Bay.  S u r f a c e  sed im en ts  from th e  James River 
(Tab le  13) c o n t a i n  a B -h o p a n e s  a s  d o m in a n t  compounds .  However ,  no 
e v i d e n c e  o f  a c o n c e n t r a t i o n  g r a d i e n t  towards the  mouth o f  t h e  R ive r  was 
observed  (F igu re  2 9 ) .  T h i s  e i t h e r  i n d i c a t e s  t h a t  a do m in a n t  f o s s i l  
hopane source  i s  ab sen t  o r  t h a t  c u r r e n t s  and dredg ing  o p e r a t i o n s  e x e r t  a 
homogenizing in f l u e n c e .  The f a c t  t h a t  James River  cores  a r e  r e l a t i v e l y  
homogeneous  in  terms o f  t h e i r  Pb-210 a c t i v i t i e s  (Goldberg e t  a l . ,  1978;
F ig u re  29.  D i s t r i b u t i o n  o f  t o t a l  f o s s i l  hopanes i n  s u r f a c e  
sed im en ts  from t h e  James R iv e r .
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M. Koide,  p e r s o n a l  communication;  p r e s e n t  s t u d y )  i n d e e d  s u g g e s t s  t h a t  
sed iment mixing i6  common. As a r e s u l t ,  t h e  James River  c o re s  cannot  be 
u s e d  f o r  a  d i a g e n e t i c  a n a l y s i s  o f  i n d i v i d u a l  hopano ids .  I n  g e n e r a l ,  the  
t o t a l  -hopane  c o n c e n t r a t i o n s  i n  t h e  James R ive r  s u r f a c e  sed im ents  a r e  
h i g h e r  t h a n  t h o s e  i n  t h e  Bay ,  e x c e p t  f o r  t h e  r i v e r  m ou th  s t a t i o n s  
( T a b l e s  17 and 1 8 ) .  A l l  b u t  one sample (VC-14) e x h i b i t  low r e s o l v a b l e  
to  t o t a l  a l i p h a t i c  and t o t a l  a ro m a t ic  hydrocarbon  c o n c e n t r a t i o n  r a t i o s  
(Tab le  1 8 ) ,  which a g a i n  i n d i c a t e s  p e t ro l eu m  i n p u t .
In  a d d i t i o n  to  a |3-hopanes  i n  Bay s e d im e n t s ,  T a b l e s  3 and  17 show 
h o p a n e s  o f  1 7 3 ( H ) , 2 1 $ ( h ) c o n f i g u r a t i o n  t o  a l s o  be q u i t e  a b u n d a n t ,  
l a g g i n g  by o n l y  a f a c t o r  o f  3 t o  5 b e h i n d  t h e  a 3 ~ h o p a n e s  i n  m o s t  
s a m p l e s  ( T a b l e  1 7 ) .  F u r t h e r m o r e ,  t h e r e  a r e  s u b s t a n t i a l  amounts o f  
173( h ) , 2 1 3(h) a c i d s  and hop-17(2 1 ) - e n e  p r e s e n t ,  s u g g e s t in g  c o n t r i b u t i o n  
f r o m  r e c e n t  b i o s y n t h e s i s .  W i th  a l l  t h e s e  h o p a n o i d s  p r e s e n t  i n  t h e  
Chesapeake Bay sed im ent e x t r a c t s ,  i t  i s  c l e a r  t h a t  one  i s  l o o k i n g  a t  a 
c o n s i d e r a b l y  more complex s i t u a t i o n  th a n  D a s t i l l u n g  and A lb r e c h t  (1976) 
i n  t h e i r  "La R o c h e l l e "  sed im en t .  A cco rd in g ly ,  t h e  use  o f  f o s s i l  ( a3 - )  
h o p a n e s  a s  t e s t  m o l e c u l e s  f o r  o i l  p o l l u t i o n  under  such c i rc um s tanc es  
l o s e s  some o f  t h e  s i m p l i c i t y  t h a t  was an  a t t r a c t i v e  a s p e c t  o f  t h e i r  
p a p e r .
The 33 -hopane  d i s t r i b u t i o n s  i n  Bay samples r e s e m b l e  t h o s e  o f  t h e  
a 3 - h o p a n e s  i n  so  f a r  as  h ig h  c o n c e n t r a t i o n s ,  in  g e n e r a l ,  a r e  found in  
samples from r i v e r  mouths (F ig u re  30 ;  Table 1 7 ) .  T h i s ,  a g a i n ,  s u g g e s t s  
t h a t  r i v e r s  a r e  so u rces  o f  33-hopanes ,  a l t h o u g h  th e  33 -hopanes  a r e  o f  
n a t u r a l  o r i g i n  r a t h e r  th a n  con tam inan ts  as  t h e  f o s s i l  <*3 - h o p a n e s  a r e .  
A c o n t r i b u t i o n  o f  33-hopanes ,  hopenes and 33-hopanoid  a c i d s  from the
F ig u r e  30. D i s t r i b u t i o n  o f  t o t a l  b io g e n ic  hopanes i n  s u r f a c e  
















































w eathe r ing  o f  sed im enta ry  rocks  i s  p o s s i b l e  b u t  th e  random d i s t r i b u t i o n  
o f  hopanoid a c i d s  a l r e a d y  mentioned a rgues  a g a i n s t  i t .
In th e  d i s c u s s i o n  o f  extended  aft -  epimer r a t i o s ,  i t  was c o n c l u d e d  
t h a t  f i r s t  a d e c a rb o x y la t i o n  and subsequent  i s o m e r i z a t io n  would p rov ide  
enough R epimer o f  a 8 -homohopane t o  ch an g e  t h e  S/R r a t i o  t o  a v a l u e  
l e s s  t h a n  t h e  a n a l o g  f o s s i l  v a l u e s  d e t e r m i n e d  f o r  t h e
hopanes .  I f  t h i s  h y p o th e s i s  i s  c o r r e c t ,  t h e n  i t  s h o u l d  a l s o  f i t  t h e  
d i s t r i b u t i o n  of  8(3 -hopanes i n  the  Bay samples .
A c c o r d i n g  t o  Rohmer e t  a l .  ( 1 9 8 0 ) ,  88 - h o p a n e s  i n  t h e  m a r i n e
e n v i r o n m e n t  i n  most  c a se s  do n o t  have a b i o t i c  o r i g i n ,  b u t  d e r iv e  from
b io g e n ic  p r e c u r s o r s  by d i a g e n e t i c  r e a c t i o n s .  The most common p r e c u r s o r ,  
b a c t e r i o h o p a n e  t e t r o l ,  h a s  b e e n  fo u n d  t o  d i s a p p e a r  r a p i d l y ,  to  form 
main ly  8 8 -bishomohopanoic ac id  ( C ^ ) *  to g e t h e r  w i t h  l e s s e r  am oun ts  o f
88 “ ^ 3 1  an<* ^ ^ “ ^ 3 3  h o p a n o i d  a c i d s  (Van D o r s s e l a e r ,  1 9 7 5 ) .  I n  a
g e n e r a l l y  r e d u c i n g  e n v i r o n m e n t  ( s u c h  a s  t h a t  p r o v i d e d  by a n o x i c  
s e d i m e n t s ) ,  d e c a r b o x y l a t i o n  h a s  b e e n  show n  t o  p r o g r e s s  a t  low 
te m p era tu re s  v i a  a c y l a t e  r a d i c a l  fo rm a t io n  (Cooper and Bray,  1963).  The 
d a t a  on 88 -hopanes  c l e a r l y  show 88  -homohopane ( r )  to  be more abundant  
than  e i t h e r  8 8 -hopane or  8 8 - b i s h o m o h o p a n e . S i n c e  88 “ C ^  h o p a n o i d
a c i d  i s  t h e  m a j o r  a c i d  i n  t h e s e  s e d i m e n t s ,  t h e  a s s u m p t i o n  o f  a 
d e c a rb o x y la t io n  s t e p  f o r  th e  f o r m a t i o n  o f  8 8 -homohopane  i s  l o g i c a l .  
F u r t h e r  a s s u m in g  t h a t  a p r o p o r t i o n a l  amount o f  S3 - h o p a n e  h a s  been 
formed f rom  d e c a r b o x y l a t i o n  o f  t h e  3 8 -C 3 1  a c i d ,  one  f i n d s  t h a t  t h e
p r e c u r s o r / p r o d u c t  r a t i o  i s  too  h igh  by approx im ate ly  a f a c t o r  o f  two as 
com pared  t o  t h e  r a t i o  o f  88 “ C31 h o p a n e /  a c i d  i n  t h e  same
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s a m p l e s .  T h i s  i s  n o t  u n r e a s o n a b l e ,  s i n c e  BB -hopane  has d i p l o p t e n e ,  
hop-17(21 ) - e n e  and d i p l o p t e r o l  a s  a d d i t i o n a l  p r e c u r s o r s  ( E n s m i n g e r ,  
1 9 7 7 ) ,  a n d  t h e s e ,  l i k e  t h e  b a c t e r i o h o p a n e  t e t r o l  a r e  known t o  be 
a bundan t ly  produced by b a c t e r i a  and b l u e - g r e e n  a l g a e .  H op -1 7 (2 1  ) - e n e  
a l s o  i s  e a s i l y  formed by i s o m e r i z a t i o n  of  d i p l o p t e n e  (Ensminger,  1977) .
An i n t e r e s t i n g  o b s e r v a t i o n  i s  made i n  t h e  sample from t h e  mouth  o f  
t h e  P a t a p s c o  R i v e r  ( S t a t i o n  2 3 ) .  This sample c o n t a i n s  hop -17 (21 ) -ene  
and BB-hopanes,  bu t  only  a t r a c e  amount o f  B B -b is h o m o h o p a n o ic  a c i d .  
Th is  a r e a  r e c e i v e s  i n d u s t r i a l  as  w e l l  as  domest ic  i n p u t  from th e  C i t y  o f  
B a l t im o re  and a t  t h e  t ime o f  sampl ing  ( F a l l ,  1979) may h a v e  l a c k e d  t h e  
c o n d i t i o n s  n e c e s s a r y  to  o x i d i z e  t h e  s i d e c h a i n  o f  b a c t e r io h o p a n e  t e t r o l  
t o  BB-hopanoid a c i d s .  An a l t e r n a t i v e  w i l l  be t h a t  d e c a r b o x y l a t i o n  o f
t h e  a c i d s  a t  t h i s  s t a t i o n  i s  so r a p i d  t h a t  a l l  t h e  a c i d s  t r a n s f o r m  i n t o
SB -h o p a n e s .  That  t h i s  i s  n o t  a permanent  prob lem, however, can be seen
from t h e  f a c t  t h a t  i® a l s o  p r e s e n t  and i s  t h e  most abundant  BB -
hopane i n  t h e  sample.
H o p - 1 7 ( 2 1 ) - e n e  i n  s u r f a c e  sedim ents  can be d e r i v e d :  (1)  d i r e c t l y  
f ro m  b a c t e r i a  a n d  i n c o r p o r a t e d  i n t o  t h e  s e d i m e n t s  o r  ( 2 )  f r o m  
i s o m e r i z a t i o n  o f  d i p l o p t e n e  a t  t h e  s e d i m e n t - w a t e r  i n t e r f a c e .  S ince  
d i p l o p t e n e  was n o t  d e t e c t e d  i n  any o f  t h e  C h e s a p e a k e  Bay s a m p l e s ,  t h e  
h o p - 1 7 ( 2 1 ) - e n e  i n  t h e  s a m p l e s  e i t h e r  d e r i v e d  f r o m  b a c t e r i a  o r  
i s o m e r i z a t i o n  o f  d i p l o p te n e  i n  t h e s e  s a m p l e s  i s  so  r a p i d  t h a t  a l l  o f  
d i p l o p t e n e  i s  c o n v e r t e d  t o  h o p -  1 7 ( 2 1 ) - e n e .  A c c o r d in g  t o  Ensminger 
(1 9 7 7 ) ,  i s o m e r i z a t i o n  o f  d i p l o p t e n e  occu rs  i n  a m i ld  a c i d i c  e n v i r o n m e n t  
( r e d u c i n g  env i ro n m en t ) .  C o n s id e r in g  t h a t  d e c a r b o x y l a t i o n  i s  r e s p o n s i b l e  
f o r  t h e  f o r m a t i o n  o f  b o p a n e  a s  p r e v i o u s l y  d i s c u s s e d ,
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i s o m e r i z a t i o n  o f  d i p o l p t e n e  i n  t h e  same sediment samples can a l s o  be 
expec ted .  However, d i r e c t  c o n t r i b u t i o n s  o f  hop-17(21)-ene  from b a c t e r i a  
cannot  be n e g l e c t e d .
I t  i s  w e l l  known t h a t  t h e s e  n a t u r a l  hopanoids a r e  very  u n s t a b l e  and 
t e n d  t o  t r a n s f o r m  t o  t h e  m o re  s t a b l e  h o p a n o i d  compounds.  Some 
t r a n s f o r m a t io n s  t h a t  may occur  in  r e c e n t  sediments a r e  the  i s o m e r i z a t i o n  
a t  p o s i t i o n  17 o f  t h e  33-hopano ids  to  t h e i r  more 6 t a b l e ,  o3-hopanoid  
c o u n t e r p a r t s  ( E g l i n t o n  e t  a l . ,  1 9 7 5 ;  Rohmer e t  a l . ,  1980)  a n d  t h e  
i s o m e r i z a t i o n  o f  d i p l o p t e n e  t o  h o p - 1 7 ( 2 1 ) - e n e  ( E n s m i n g e r ,  1977) as 
mentioned above.  I s o m e r i z a t i o n  o f  t h e  33- Cgj t o  a p - C ^  hopane  i s
b e l i e v e d  t o  o c c u r  i n  many s u r f a c e  s e d im e n t  s a m p le s  f ro m  t h e  Bay as 
d i s c u s s e d  e a r l i e r .  S im i l a r  to  the  o b s e r v a t i o n s  i n  Bay samples ,  evidence 
o f  i s o m e r i z a t io n  o f  33- C31 hopane can a l s o  be seen in  the  r e c o rd  from a
sediment core  taken  from C o lo n ia l  Beach (CB-002).  The S/R r a t i o  o f  t h e  
<*3 hopane  i n  t h e  s u r f a c e  sam p le  i s  c h a r a c t e r i s t i c  o f  t h a t  from
f o s s i l  m a t e r i a l s  whereas th e  r a t i o  i n  a l l  s u b s u r f a c e  s a m p le s  i s  l e s s  
t h a n  one  ( T a b l e  2 0 ) .  There appea rs  to  be ev idence  o f  an i s o m e r i z a t i o n  
o f  33-0^2 ac id  to  a B - C ^  ac id  i n  t h e s e  co re  sed im en ts .  However,  s uch
t r a n s f o r m a t i o n  d o e s  n o t  c o r r e s p o n d  w i t h  t h e  n a t u r e  o f  hopanoid ac id  
i s o m e r i z a t i o n  which i s  known t o  be r a t h e r  s low compared to  t h a t  o f  t h e  
h y d r o c a r b o n s  (Ensminger,  1977) .  The c o n s ta n t  r a t i o s  o f  ct^- ( '3 2
a c i d s  may be viewed as  an i n d i c a t i o n  t h a t  i s o m e r i z a t i o n  o f  t h e  a c i d  h a s  
a l r e a d y  o c c u r r e d  i n  p r e v i o u s l y  d e p o s i t e d  e s t u a r i n e  s e d i m e n t s .  The 
p r e s e n c e  o f  h i g h e r  c o n c e n t r a t i o n s  o f  h o p - 1 7 ( 2 1  ) - e n e  r e l a t i v e  t o
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: 1 
Depth, Cm *C27 
o- 5 0.92 
30- 35 0.58 
60- 65 0.04 
90- 95 0.33 
120-125 0.22 
15D-155 0.32 










Stereomeric ratios for hopanoid hydrocarbons and acids at station CB002. 
Hldrocarbons 
118:136 S:R 
c3o c31 l!32 c31 c32 c33 
4.6 0.81 5.5 1.3 1,2 1.3 
0.21 0.31 N.D. 0.76 N.D. N.D. 
0.19 0.31 N.D. 0.75 N.D. N.D, 
0.17 0.35 0.19 0.85 N.D. N.D. 
0.18 0.31 N.D. 0.83 N.D. N.D. 





















d i p l o p t e n e  ( T a b l e  10) and  t h e  i s o m e r i z a t i o n  o f  t 0  a ^- ®3 l
h o p a n e ,  s u g g e s t  a n  a c i d i c  s e d i m e n t a r y  e n v i r o n m e n t  a s  d i s c u s s e d  by 
Ensminger (1977) and Van D o r s s e l e a r  e t  a l .  ( 1977 ) .  However, th e  absence  
o f  t o  C3 5  h o p a n e s  s u g g e s t s  t h a t  o x i d a t i v e  c l e a v a g e  o f  t h e
s i d e c h a i n  o f  b a c t e r io h o p a n e  t e t r o l  r a t h e r  th a n  r e d u c t i o n  o f  th e  hydroxyl  
g roups  and  s u b s e q u e n t  d e m e t h y l a t i o n  was t h e  m a j o r  m echan ism  a t  t h e  
s e d i m e n t - w a t e r  i n t e r f a c e .  The non -con t inuous  d e p o s i t i o n  a t  t h i s  co re  
l o c a t i o n ,  as  seen  from th e  Pb-210 d a t a  ( T a b l e  16 )  w h ich  show an  o l d e r  
l a y e r  o f  s e d i m e n t  a t  t h e  30-35 cm l e v e l  sandwiched between th e  s u r f a c e  
and deeper  sed im ents  (M. Koide,  p e r s o n a l  com m u n ica t io n ) ,  s u g g e s t s  t h a t  
i t  would be v e ry  d i f f i c u l t  to  c o n c l u s i v e l y  a s s e s s  d i a g e n e t i c  e f f e c t s  f o r  
t h e s e  c o r e  sam ples .  The v e r t i c a l  d i s t r i b u t i o n  o f  hopanoid  m o l e c u l e s  a t  
s t a t i o n  CB-002  ( T a b l e s  10 a n d  1 1 )  c l e a r l y  c o n f i r m s  t h e  P b -210  
o b s e r v a t i o n s .  A l l  components w e r e  h i g h e s t  a t  t h e  s u r f a c e ,  d e c r e a s e d  
r a p i d l y  i n  t h e  u p p e r  30 cm and remained  r e a s o n a b l y  c o n s t a n t  th roughou t  
t h e  c o r e .  The d e c re a s e  i n  Pb-210 a c t i v i t y  b e t w e e n  t h e  0 - 5  cm and  t h e  
3 0 - 3 5  cm s a m p l e s  w ou ld  c o r r e s p o n d  t o  a s e d i m e n t a t i o n  r a t e  o f  1 . 1  
cm /year ,  which i s  i n  good agreement w i th  d a t a  o b t a in e d  nea rby  (Knebel  e t  
a l . ,  1980) .
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V I. CONCLUSIONS
C onc lus ions  from t h i s  s tudy  a r e  summarized as  f o l l o w s :
1 .  Hopanoid molecu les  have been found t o  be u b i q u i t o u s l y  p r e s e n t  
i n  a l l  s a m p l e s  f rom  t h e  C h e s a p e a k e  Bay and  i t s  two s u b e s t u a r i e s ,  a t  
c o n c e n t r a t i o n s  t h a t  v a r y  w i t h  s a m p l i n g  l o c a t i o n s .  I n  g e n e r a l ,  
c o n c e n t r a t i o n s  a r e  h i g h e r  a t  r i v e r  mouth s t a t i o n s  and in  t h e  N or the rn  
Bay a r e a  th a n  a t  s t a t i o n s  near  th e  E a s t e r n  sh o re  and i n  t h e  C e n t r a l  and 
S ou the rn  Bay.
2 .  The dominant hopanoids  a r e  hopanea o f  17a(H) ,21& (H) s t r u c t u r e  
and  r a n g e  f ro m  C ^  t o  £3 5 * ex tended  hopanes g e n e r a l l y  p r e s e n t  as
m ix tu re s  o f  22S and 22R d i a s t e r e o m e r s . The p r e s e n c e  o f  t h e s e  f o s s i l  
h o p a n e s  i n  r e c e n t  sed im en ts  can r e a d i l y  be a t t r i b u t e d  t o  a n th ro p o g e n ic  
i n p u t 6 . The 17p(H) ,21$(h)  hopanes and h o p -1 7 (2 1 ) - e n e  i n  Bay samples a re  
a s s o c i a t e d  w i t h  r e c e n t  b io g e n ic  i n p u t .  T h e i r  c o n t r i b u t i o n s  i n  g e n e r a l  
a r e  lower th a n  th o s e  o f  t h e  f o s s i l  hopanes .
3 .  A c o m p a r i s o n  o f  f o s s i l  h o p a n e s  i n  Bay sed im en ts  and s e v e r a l  
sou rce  m a t e r i a l s  s ugges t s  t h a t  motor o i l s ,  a s p h a l t  p a r t i c l e s  and  s t r e e t  
d u s t  a r e  p o t e n t i a l  and  p o s s i b l y  m a j o r  p r e s e n t - d a y  s o u r c e s  f o r  t h e  
1 7 a ( H ) , 2 1 3 ( h )  h o p a n e s  i n  t h e  B a y .  T h e s e  s o u r c e  m a t e r i a l s  a n d  t h e  
a s s o c i a t e d  f o s s i l  h o p a n o i d s  c a n  r e a c h  t h e  Bay v i a  n a t u r a l  r u n o f f  from
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land d u r in g  r a i n  s to rm s ,  sewage o u t f a l l s ,  and t r a n s p o r t  by r i v e r s  i f  
t h e y  a r e  n o t  i n t r o d u c e d  d i r e c t l y .  Motor o i l  may be d i r e c t l y  d e p o s i t e d  
i n t o  t h e  Bay by b o a t i n g  and m ar ine  t r a n s p o r t  a c t i v i t i e s .
4 .  R iv e r s  appea r  to  be im p o r tan t  s o u rc e s  o f  f o s s i l  hopanes to  the  
Bay as  ev idenced  by h ig h e r  c o n c e n t r a t i o n s  o f  f o s s i l  h o p a n o i d s  a t  r i v e r  
m ou ths  r e l a t i v e  t o  Bay s e d i m e n t s .  A number o f  s u r f a c e  sed im ents  from 
t h e  Jam es  R i v e r  c o n t a i n  c o m p a r a b l e  h o p a n o i d  c o n c e n t r a t i o n s .  The  
e l e v a t e d  c o n c e n t r a t i o n s  o f  f o s s i l  h o p a n e s  a t  r i v e r - m o u t h  s t a t i o n s  
g e n e r a l l y  c o r r e l a t e  w i t h  i n d u s t r i a l  a n d  u r b a n  g r o w th  i n  t h e  r e g i o n  
s u r r o u n d i n g  e a c h  r i v e r ,  t h e r e b y  i n d i c a t i n g  an an th ro p o g e n ic  o r i g i n  f o r  
t h e s e  f o s s i l  1 7 a (H ) , 213 ( h ) hopanes .
5 .  I n d i r e c t  e v i d e n c e  s u g g e s t s  t h a t  t h e  m ode  o f  h o p a n o i d  
t r a n s f o r m a t i o n  i n  t h e  C h e s a p e a k e  B a y  e s t u a r y  i s  m a i n l y  b y  
d e c a r b o x y l a t i o n  o f  h o p a n o i d  a c i d s ,  l e a d i n g  t o  3B"bopanes o f  th e  one 
c a r b o n  number l e s s  t h a n  t h e  a c i d ,  a f t e r  t h e  a c i d s  w e r e  f o r m e d  by  
o x i d a t i o n  o f  t h e  b a c t e r i o h o p a n e  p o ly o l6  s i d e - c h a i n .  This  i n d i c a t e s  an 
o x i d i z i n g  env i ronm en t  i n  t h e  w a t e r  co lum n and  a t  t h e  w a t e r / s e d i m e n t  
i n t e r f a c e .  E v i d e n c e  f o r  a r e d u c i n g  e n v i r o n m e n t  i s  p r o v i d e d  by the  
d e c a r b o x y l a t i o n  o f  h o p a n o i d  a c i d s  a n d  o f  t h e  i s o m e r i z a t i o n  f r o m  
d i p l o p t e n e  t o  h o p -1 7 (2 1 ) - e n e .
6 .  E v i d e n c e  h a s  a l s o  b e e n  p r e s e n t e d  f o r  e a r l y ,  p r o b a b l y  
m i c r o b i a l l y  i n d u c e d  d i a g e n e s i s ,  by t h e  i s o m e r i z a t i o n  o f  hopane
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(R) t o  aS-C^j hopane  (R) i n  many s u r f a c e  s e d i m e n t  s a m p l e s  f r o m  t h e  
Chesapeake Bay.
The s t u d y  o f  h o p a n o i d  m o l e c u l e s  h a s  sh o w n  t h a t  t h e r e  i s  a 
s i g n i f i c a n t  an th ro p o g e n ic  i n p u t  o f  f o s s i l  f u e l - r e l a t e d  p ro d u c t s  i n t o  t h e  
Chesapeake Bay e s t u a r y .  Evidence has a l s o  b e e n  p r e s e n t e d  a s  t o  e a r l y  
d i a g e n e t i c  t r a n s f o r m a t i o n s  o f  n a t u r a l  h o p a n o i d  m o l e c u l e s .  Hopanoid 
molecu le s  have proved to  be q u i t e  v a l u a b l e  in  adding  to  our  knowledge o f  
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a B - C  (S)  
aB-C31(R) 
B B - C 30
Dip loptene
a 3 - c 3 2 (s)
a B - c32(R)
P 6 - S l
a 3 " C33(S)
a B - C 33 (R)
b b - c32
aB-C3 4 (S)
a B - c  ( R )  34
aB -C 35(S)
a B - c 35(R)
.TABLE A3 


















































B0:170(H),  210(H) 
0 a  :170(H), 21a(H) 
a 0  : l 7 a ( H ) , 170(H)
F ig u re  Al,  S t r u c t u r e  o f  compounds.
I .  Squalene
3 2 . Fernene
HO
2 31  B etu l in
HO
X. I s o a r b a r in o l
X .  S q u a len e  epoxide
3Z. T e trah y m an o l
HO
2HL A llo b e tu l in
o
XI. F r ied e lin
141
M . Hopene-b
3ZT. G am m acerane
IX .  Lupane
R
(a )  R = H 
lb )  r  = C H S
lc )  R = CgH j 




x ill 5 /3  - cholonic acid ~XTV 2 2 -h y d roxyhopane  X3L Diploptene
t Diplopterol) (Hop-22f29)-ene)
' 'H
(a) R = H
(b) R = C;jHS
(c) R = CsHt




(c) R= Cj H7
(d)R = C4H»
( e ) R : C 5Hn
XIX. Extended 17/8 (H), 
2I/3(H) -  hopanes
XX. I7/31H), 21a ( H ) -  
hopanes
(a) R = CH, 
fb) R = CaHs 
(cl R= C ,H t
(d) R - C4 Ha
(e) R = C3 H„
XXI. Extended 17/3 (H), 
21a ( H )-h o p a n e s
(a) R = h
(b) R = CjH,
R
XXH. !7 a (H ) ,  2I/9(H) -  
hopanes
fa) r = c h 8
(b) r  = c*hb
(c)  R =C sH7
(d) R= C4H9
(e) R C5H„
XXQL Extended 17a (H), 
21/3 (H ) -h o p a n e s
XXDC. 17a (H ) ,  18a (H), 
2I/9(H) - 2 8 ,  3 0 -  
bisnorhopane
143
2X3L 25, 2 8 ,  3 0 -
t r i s n o rm o r e ta n e
(a) R = C 0 Z H
(b) R -  C ,HX0»H
XX7T. 17/3 (H), 21/3 (H ) -  
hopanoic acids
(o ) R •
(b ) R =
(c)R = Cj,h;COJH
(d) R = CsHe CC^H
(e )R  s C4H0CC^H
2X7TT. Extended 170(H ), 
210(H) -  hopanoic 
acids
t a )  r =CO*h
(b )  R i Cj H.COj H
ZEZIH. 170(H), 2 l a l H ) -  
hopanoic acids
(a )  R = COe H
(b ) R = C H *C 0 2H
( c ) R  = C2H ,C 02H
(d) R = C3H0C 02H
-xxix-. Extended 170(H),
2la(H)~ hopanoic acids
. I7«(H), 2 1 0 (H ) -  
hopanoic ac ids
(a) R= COfeH
(b) R C H j COj H 
(c> R= C*H^CO*H 
<d> R = CjHgCOgH
(e) R = C4 HBCCfeH
2XXI. Extended l7 a (H),
210(H )- hopanoic ac ids
HO OH
HO OH
x x x i i  B a c te r io h o p a n e  p o ly o ls
2X2HE. 170(H), 2I/9CH) —
homohop -  2 9  (3 l ) - e n e
F ig u re  A2. Gas chromatogram o f  b r a n c h e d / c y c l i c  a lk a n e  f r a c t i o n  
from th e  L o r r a i n e  c o a l  e x t r a c t
n~^28’ n-C36 : co“ *-n3e c t e ^ s t a n d a r d s ,  CH: c h o l e s t a n e  
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F ig u re  A3. Mass chrom atogram s (m /e 191) o f  h o p an o id s .
A. B r a n c h e d /c y c l i c  a lk a n e  f r a c t i o n  from th e  
L o r r a i n e  c o a l  e x t r a c t .
B. Hopane f r a c t i o n  from a  sed im ent co re  e x t r a c t ,  
s t a t i o n  CB-002 (120-125 cm).
C. Hopanoid a c i d  f r a c t i o n  from a  sed im ent c o re  
















F ig u re  A4, Mass s p e c t r a  o f  u n s a tu ra te d  hopano id  h y d ro ca rb o n s .
A. Hop-22( 2 9 ) - en e  ( D ip lo p t e n e ) .
B. Hop-17(2 1 ) - e n e .
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F ig u re  A5. Mass s p e c tr a  o f  17B,21B-hopanes.




E. BB-C22  hopane.
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3 6 9 , 4 2 6
F ig u re  A7 Mass s p e c tr a  o f 17a,21B -hopanes.
A. hopane.
B. « b- c29 hopane.
C. a0 - C3O hopane .
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F ig u re  A8. Mass s p e c tr a  o f  hopanold a c id  m ethyl e s t e r s .
A. hopanoid a c id .
B. p e - c 3 1 hopanoid a c id .
C. B B - C3 2 hopanoid a c id .
D. bb- c33 hopanoid a c id .
E. 0a“ C31 hopanoid a c id .
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